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Description 

[0001 ] The present invention relates to a method for producing male sterile plants and hybrid seed, to genetic material 
used to impart the male sterility trait and to new products produced by said method, namely, genetically transfomned 
5 plants carrying the male sterile trait, male sterile plants and hybrid seed produced by pollinating said plants with pollen 
from male fertile plants. 

[0002] Production of hybrid seed for commercial sale is a large industry. Hybrid plants grown from hybrid seed benefit 
from the heterotic effects of crossing two genetically distinct breeding lines. The agronomic perfomnance of this offspring 
is superior to both parents, typically in vigour, yield, and unifomnlty. The better perfomriance of hybrid seed varieties 
10 compared to open-pollinated varieties makes the hybrid seed more attractive for fanners to plant and thereby com- 
mands a premium price in the market place. 

[0003] In order to produce hybrid seed uncontaminated with setfed seed pollination control methods must be imple- 
mented to ensure cross-pollination and not self-pollination. Pollination control mechanisms can be mechanical, chem- 
ical, or genetic. 

15 [0004] A simple mechanical method for hybrid seed production can be used if the plant species in question has 
spatially separate male and female flowers or separate male and female plants. The corn plant, for example, has pollen 
producing male flowers in an inflorescence at the apex of the plant and female flowers in the axils of leaves along the 
stem. Outcrossing is assured by mechanically de-tasselling female plants to prevent selfing. 
[0005] Most major crop plants of interest, however, have both functional male and female organs within the same 

20 flower so emasculation is not a simple procedure. It is possible to remove by hand the pollen forming organs before 
pollen shed, however this fomi of hybrid seed production is extremely labour intensive and hence expensive. Seed is 
produced in this manner if the value and amount of seed recovered wan-ants the effort. 

[0006] A second general method of producing hybrid seed is to use chemicals that kill or block viable pollen fonnation. 
These chemicals, termed gametocides, are used to impart a transitory male-sterility. Commercial production of hybrid 

25 seed by use of gametocides is limited by the expense and availability of the chemicals and the reliability and length of 
action of the applications. These chemicals are not effective for crops with an extended flowering period because new 
flowers will be produced that will not be affected. Repeated application of chemicals is impractical because of costs. 
[0007] Many current commercial hybrid seed production systemsf or field crops rely on a genetic method of pollination 
control. Plants that are used as females either fail to make pollen, fail to shed pollen or produce pollen that is biochem- 

30 ically unable to effect self-fertilization. Plants that are unable (by several different means) to self pollinate biochemically 
are tenned self-incompatible. Difficulties associated with the use of self-incompatibilities are: availability and propaga- 
tion of the self-incompatible female line and stability of the self-incompatibility. In some instances self-Incompatibility 
can be overcome chemically or immature buds can be pollinated by hand before the biochemical mechanism that 
blocks pollen is activated. Self-incompatible systems that can be deactivated are often very vulnerable to stressful 

35 climatic conditions that break or reduce the effectiveness of the biochemical block to self-pollination. 

[0008] Of more widespread interest for commercial seed production are systems of pollen control based on genetic 
mechanisms causing male sterility. These systems are of two general types: (a) genie male sterility, which is the failure 
of pollen fonnation because of one or more nuclear genes or (b) cytoplasmic-genetic male sterility (commonly called 
cytoplasmic male sterility or CMS) In which pollen fonnation is blocked or aborted because of a defect in a cytoplasmic 

40 organelle (mitochondrion). 

[0009] Nuclear (genie) sterility can be either dominant or recessive. A dominant sterility can only be used for hybrid 
seed fonnation if propagation of the female line is possible (for example, via in vitro clonal propogation). A recessive 
sterility could be used if sterile and fertile plants are easily discriminated. Commercial utility of genie sterility systems 
is limited however by the expense of clonal propogation and roguing the female rows of self-fertile plants. 

45 [0010] Many successful hybridization schemes involve the use of CMS. In these systems, a specific mutation in the 
cytoplasmically located mitochondrion can. when in the propernuclear background, lead to the failure of mature pollen 
fonnation. In some other instances, the nuclear background can compensate for the cytoplasmic mutation and nomial 
pollen formation occurs. The nuclear trait that allows pollen fonnation In plants with CMS mitochondria is called res- 
toration and is the property of specific "restorer genes". Generally the use of CMS for commercial seed production 

50 involves the use of three breeding lines, the male-sterile line (female parent), a maintainer line which is isogenic to the 
male-sterile line but contains fully functional mitochondria and the male parent line. 

[0011] The male parent line may carry the specific restorer genes (usually designated a restorer line) which then 
imparts fertility to the hybrid seed. For crops (eg. vegetables) for which seed recovery from the hybrid is unimportant, 
a CMS system could be used without restoration. For crops for which the fruit or seed of the hybrid is the commercial 
55 product then the fertility of the hybrid seed must be restored by specific restorer genes in the male parent or the male- 
sterile hybrid must be pollinated. Pollination of non-restored hybrids can be achieved by including with hybrids a small 
percentage of male fertile plants to effect pollination. In most species, the CMS trait is inherited matemally (because 
all cytoplasmic organelles are inherited from the egg cell only), which can restrict the use of the system. 
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[0012] In a crop of particular interest herein, the oilseed crop of the species Brassica napus or Brassica campestris. 
commonly referred to as Canola, no commercial hybrid system has been perfected to date. Mechanical emasculation 
of flowers is not practical for hybrid seed production on any scale. The use of currently available gametocides is im- 
practical because of the indetenninate nature of flower production. Repeated application of chemicals is expensive 

5 and the method is prone to contamination with selfed seed. 

[0013] Genes that result in self-incompatibility are quite widespread in Brassica species and self-incompatible hybrid 
systems have been used for hybrid seed production in vegetables. Major difficulties are associated with the propagation 
of the female lines and the breakdown of self-incompatibilities under stressful conditions. Adaptation of these systems 
to Brassica oilseeds is restricted by the expense of increasing the female lines and the availability of appropriate self- 

10 incompatible genes in the dominant Canola species, Brassica napus. 

[0014] A variety of sources of male sterility are available in Brassica species. Both recessive and dominant genie 
systems have been reported, however their use is restricted because large scale in vitro propagation or roguing of 
female lines is In most cases impractical for large scale seed production. 

[0015] Additionally, a number of CMS systems have been reported in Brassica species. Four of these systems have 
15 been explored as possible vehicles for hybrid seed production: pol, nap, anand and ogu. The Polima system (pol) has 
been widely studied and is probably the closest to commercial use. Good restoration and maintenance of pol CMS 
has been achieved, however the system suffers from potential Instability of the CMS with high temperature, a reduction 
in the heterotic effect of crossing different lines (because of the defective mitochondria) and a reduction in hybrid seed 
oil content. The use of other CMS systems is also restricted by heat sensitivity (nap), difficulty in restoration of fertility 
20 (ogu. anand), difficulty in the maintenance of the sterility (nap) and low temperature chlorosis associated with the sterile 
cytoplasm (ogu). Improvement of these systems is the object of considerable research, however all of the systems 
have some Inherent weaknesses that limit their utility. 

[0016] An ideal system for hybrid seed production In any crop would be a form of genie male sterility that could be 
regulated to allow controlled male fertility for the propagation of the female line and genetically restored by the male 

25 parent to allow the production of self-fertile hybrids. 

[0017] It is desirable that the Invention as claimed herein provide a method for producing genie male sterility in plants. 
It is also desirable that this invention provide a method of producing genie male sterility which can be readily adapted 
to the production of hybrid seed, including hybrid seed with "restored" male fertility or male sterility which is not ex- 
pressed in the plants grown from said seed. 

30 [001 8] For certain crops of interest, such as vegetables, it is only the leaves stems or roots of the plant that are sold 
commercially. Therefore, even though the male sterility trait may be inherited and expressed in the hybrid plant it is 
not necessary to overcome or restore male fertility in the seed of the hybrid plant. However, for other crops, the com- 
modity of commerce is the seed or fruit produced by the hybrid plant. Thus for optimal commercial utility of the hybrid 
It is desirable that the hybrid is self-fertile. 

35 [001 9] In addition , the use of genie male sterile plants for commercial seed production requires the increase of seed 
of the genie male-sterile line (frequently called maintenance). Certain aspects of the invention as described herein, 
relate to the increase or maintenance of seed with genie male-sterility. 

[0020] According to a first aspect of the invention there is provided a recombinant DNA molecule comprising 

40 (a) a DNA sequence that codes for a cytotoxic molecule; and 

(b) a promoter capable of regulating transcription of said DNA sequence; 

wherein transformation of a plant cell of a pollen-producing plant species with said recombinant DNA molecule and 
generation of a plant from said transfonned plant cell yields a plant that is male sterile, in whkih plant production of 
45 functional pollen grains is blocked. 

[0021] In a further aspect of the invention there is provided a recombinant DNA molecule comprising: 

(a) a DNA sequence, the transcription product of which is an antisense RNA that interferes with expression of a 
sense gene in a pollen-producing plant species; and 
so (b) a promoter capable of regulating transcription of said DNA sequence, 

wherein transformation of a plant ceil of a pollen-producing plant species with said recombinant DNA molecule and 
generation of a plant from said transformed plant cell yields a plant that, by virtue of said transfonmation, 

55 (I) is male-sterile, in which plant production of functional pollen grains is blocked, or 

(11) can be rendered male sterile by action of a chemical agent or a physiological stress such that production of 
functional pollen grains by said plant is blocked. 
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[0022] In other aspects the Invention provides: a plant cell of a pollen-producing plant species, the genome of which 
ceil includes a recombinant DNA molecule of the above first and further aspects; a method of producing a male sterile 
plant of a pollen producing species, or a plant of said species carrying a male sterile trait, the method comprising 
regenerating a plant from a said plant cell; and a method for the production of hybrid seed by making hybrid crosses 
5 of the plants so produced with suitable male parent lines. 

[0023] Specifically It is desirable that the present Invention provide a method of producing hybrid seed in three stages 
as follows: 

(a) producing a genetically transfomned female parent by: 

10 

(i) inserting into the genome of a plant cell of said pollen producing plant which is capable of being regenerated 
into a differentiated whole plant, one or more recombinant DNA sequences comprising antisense DNA which 
block the production of functional pollen grains or renderthe developing pollen grains susceptible to a chemical 
agent or physiological stress which blocks the production of functional pollen grains. 
15 (ii) obtaining a transfomned plant cell of said plant; and 

(iii)r6generatlng from said plant cell a plant which is genetically transformed with said DNA sequences de- 
scribed in (a)(i) above and which is male sterile or cames the male sterile trait. 

(b) Increasing the number of female parent plants by: 

20 

(i) fertilizing the genetically transfomied plant described in step (a) with pollen produced by a suitable male 
fertile plant, in a manner to effect a seed increase of genetically transfomned plants; or 

(ii) clonal propagation of said genetically transf onmed plant described in step (a) using tissue explants thereof, 
or other in vitro propagation techniques; 

25 

(c) effecting a hybrid cross by pollinating said genetically transformed female parent plants with pollen produced 
by suitable male parent line. 

[0024] According to one aspect of the present invention genie male sterility may be produced by transfomiing plant 
30 cells that are capable of regeneration into a differentiated whole plant, with a recombinant DNA molecule ("antisense 
DNA") that codes for RNA that is complimentary to and capable of hybridizing with the RNA encoded by a gene that 
is critical to pollen fonmatlon or function (the "sense gene"), thereby inhibiting the expression of the sense gene. The 
antisense DNA is preferably constructed by inverting the coding region of the sense gene relative to its normal pres- 
entation for transcription to allow for transcription of its complement, hence the complementariness of the respective 
35 RNAs encoded by these DNA's. In order to block the production of mRNA produced by the sense gene, the antisense 
DNA should preferably be expressed at approximately the same time as the sense gene. The timing must be approx- 
imate in the sense that the antisense RNA must be present within the cell to block the function of the RNA encoded 
by the sense gene. To accomplish this result, the coding region of the antisense DNA is preferably placed under the 
control of the same promoter as found in the sense gene thereby causing both to be transcribed at the same time. The 
40 concept of regulating gene expression using antisense RNA is described in Weintraub, H. et al., Antisense RNA as a 
molecular tool for genetic analysis , Reviews - Trends in Genetics, Vol, 1(1) 1986. 

[0025] Thus, according to one aspect of the invention as claimed herein, we provide a method of producing a male 
sterile plant from a plant selected from those species of pollen producing plants that are capable of being genetteally 
transformed, which method comprises: 

45 

(a) identifying and isolating, preferably from said pollen producing plant, a sense gene or coding sequence that is 
critical to pollen fonnation or function in said plant; 

(b) Inserting Into the genome of a plant cell of said plant that is capable of being regenerated Into a differentiated 
whole plant, a recombinant double stranded DNA molecule comprising: 

50 

(I) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said sense 
gene or coding sequence; 

(ii) a promoter which functions In said plant cell plant to cause transcription of said DNA sequence into RNA 
at about the time of transcription of said sense gene or coding sequence; and preferably 
55 (iii) a temninator sequence which defines a temiination signal during transcription of said DNA sequence. 

(c) obtaining a transfomied plant cell of said plant; and 

(d) regenerating from said transfomned plant cell a genetically transformed plant which is male sterile. 
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[0026] In acx:»rdance with the preceding method the Invention is also directed to a totipotent plant cell which has 
been transformed with a recombinant DNA molecule as defined in step (b) and which is capable of being regenerated 
into male sterile plant. 

[0027] It is possible that the RNA transcribed from the antisense DNA will be effective in blocking translation of the 
RNA encoded by the sense gene even though a tenninator sequence is not encoded by said recombinant DNA molecule 
comprising the antisense DNA. 

[0028] According to another aspect of the preceding method as claimed in the claims, we provide a method of in- 
creasing the production of seed of the genie male sterile line by transfomiing the plant of interest with an antisense 
gene that is linked to a gene that confers resistance to a selective agent. According to this scheme, it is possible to 
produce a male sterile line by crossing the genetically transfonned plant (male sterile) with a suitable non-transfonmed 
male fertile plant and using said selective agent to select for plants containing the antisense gene among plants grown 
from seed produced from such a cross. Theoretically, any effective selective agent for which a resistance gene has 
been identified could be used within the scope of this aspect of the invention. Including but not limited to genes coding 
for resistance to herbicides and plant diseases. Such a selective agent could be said to fall within two broad non- 
mutally exclusive categories, a chemical agent and a physiological stress. A chemical agent, such as a herbicide, could 
be used to produce male sterile plants on a commercial scale. Examples of herbicides for which a resistance gene 
has been identified are glyphosate (described in Comai, L., Facciotti, D., Hiatt, W.R., Thompson, G., Rose, R. E., 
Stalker, D. M., 1 985, Nature, Vol. 31 7, Pages 741 -744) and chlorsulfuron (described in Haughn, G. W., and Somerville, 
C. R., 1986, Mol. Gen. Genet., Vol. 210, Pages 430-434). 

[0029] Thus, according to another aspect of the invention as claimed herein, we provide a method of producing 
hybrid seed from plants selected from those species of pollen producing plants which are capable of being genetfcally 
transfonned comprising the steps of: 

(a) producing a genetically transfonned plant which is made sterile by: 

i) identifying and isolating, preferably from said pollen producing plant, a sense gene or a coding sequence 
that is critical to pollen fonnation or function in said plant; 

11) inserting Into the genome of a plant cell of said plant that is capable of regeneration into a differentiated 
whole plant, a gene which confers on said plant resistance to a chemical agent or physlologteal stress and, 
linked to said gene, a gene comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 
sense gene or coding sequence; 

(B) a promoter which functions in said plant cell to cause transcription of said DNA sequence into RNA 
at about the time of transcription of the RNA encoded by said sense gene or coding sequence; and pref- 
erably; 

(C) a temninator sequence which defines a termination signal during transcription of said DNA sequence; 

iii) obtaining a transformed plant cell of the said plant; and 

iv) regenerating from said transfomned plant cell a plant which is genetically transfomied with the genes de- 
scribed in step (a) ii) above; and 

(b) increasing the number of genetically transfonned plants by: 

i) crossing the genetically transformed plant described in step (a) iv) above with suitable male fertile plant; 

ii) using the same chemical agent or physiological stress to eliminate plants which do not contain the genes 
described in step (a) ii) above among plants grown from seed produced by such cross; and 

iii) repeating such a cross over several generations with the plants obtained as in step (b) ii) above in the 
presence of said chemical agent or physiological stress to increase the numbers of male sterile plants; 

(c) effecting a hybrid cross by pollinating said male sterile plants with pollen from suitable male fertile donors. 

[0030] In accordance with the preceding method the invention is also directed to a cell totipotent plant which has 
been transfonmed with genes as defined In step (a) ii) above and which is capable of being regenerated into a male 
sterile plant. 

[0031] In a hybrid seed production scheme where there are altemating rows of male sterile plants and male fertile 
plants, it may be simpler but not essential to carry out the final selection of male steriles In the field alongside the male 
fertile donors. Therefore It is desirable if the suitable male fertile donors are previously transformed to resistance to 
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the selective agent to avoid having to selectively apply said agent to the rows of mate sterile plants. Therefore step (c) 
would be accomplished by growing seed produced from a cross between the selected genetically transfonned plants 
and suitable male fertile donors, alongside seed of suitable male fertile donors which have previously been made 
resistant to said chemical agent or physiological stress (the selective agent). 
5 [0032] In accordance with the preceding methods, the invention is also directed to a plant containing a recombinant 
DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a sense gene 
that is critical to pollen fonnation or function in said plant; 
10 (b) a promoter which functions in said plant to cause transcription of said DNA sequence into RNA that is at about 

the time of transcription of the RNA encoded by said sense gene; and preferably 
(c) a tenminator sequence that defines a termination signal during transcription of said DNA sequence. 

[0033] In accordance with the preceding methods the invention is also directed to hybrid seed containing a recom- 
15 bihant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a sense gene 
that is critical to pollen fomfiation or function In a plant grown from said seed; 

(b) a promoter which functions in a plant grown from said seed to cause transcription of said DNA sequence into 
20 RNA that is at about the time of transcription of the RNA encoded by said sense gene; and preferably 

(c) a temilnator sequence that defines a temnlnation signal during transcription of said DNA sequence. 

[0034] According to another aspect of the Invention as claimed herein, we regulate the expression of the coding 
region of the antisense DNA by using an inducible promoter In this scheme, the promoter can be left in an induced 
25 state throughout pollen formation or at least for a period which spans the period of transcription of the sense gene. A 
promoter that is inducible by a simple chemical is particularly useful since the male sterile plant can easily be maintained 
by self-pollination when grown in the absence of said chemical. Restoration is inherent in growing plants produced 
from hybrid seed in the absence of said inducer. 

[0035] Thus according to another aspect of the invention as claimed herein we provide a method of producing hybrid 
30 seed with restored fertility from plants selected from those species of pollen producing plants which are capable of 
being genetically transfonned comprising the steps of: 

(a) producing a genetically transformed plant which cames the male sterile trait by: 

35 (i) identifying and isolating, preferably from said pollen producing plant, a sense gene orcoding sequence that 

is critical to pollen fomnation or function in said plant; 

(li) inserting into the genome of a plant cell of said plant that is capable of regeneration into a differentiated 
whole plant, a recombinant double stranded DNA molecule comprising: 

40 (A) a DNA sequence that codes for RNA that Is complimentary to the RNA sequence encoded by said 

sense gene or coding sequence; 

(B) an inducible promoter which can function in said plant cell to cause transcription of said DNA sequence 
into RNA during the time of transcription of said sense gene or coding sequence; and preferably 

(C) a temninator sequence which defines a termination signal during transcription of said DNA sequence 

45 

(iii) obtaining a transfonned plant cell of said plant; and 

(iv) regenerating from said transfonmed plant celt a plant which is genetically transfomned with said double 
stranded DNA molecule described in (ii) above and can be rendered mate sterile by said inducer; 

50 (b) increasing the number of genetically transformed plants by growing the genetically transformed plant described 

in step (a)(iv) above in the absence of the relevant inducerto produce a male-fertile plant, pennitting self -fertilization 
and growing seed of such a plant, over a number of generations, in the absence of the inducer to increase the 
number of genetically transfonned plants; 

(c) effecting a hybrid cross by growing said genetically transfonned plants alongside plants of a suitable line of 
55 male fertile donors in the presence of the relevant Inducer during pollen formation in order to produce mate sterile 

plants and penntt cross-polllnatlon of said male sterile plants. 

[0036] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
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been transformed with a recombinant DNA molecule as defined in step (a) (ii) above and which is capable of being 
regenerated Into a plant which carries the male sterile trait. 

[0037] In accordance with step (a) of the preceding method, we provide a method to produce a plant which canries 
the male sterile trait. 

5 [0038] In accordance with the preceding method, the invention is also directed to a plant which contains a recom- 
binant DNA molecule comprising: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a sense gene 
which is critical to pollen formation or function in said plant; 
10 (b) an inducible promoter which functions in said plant to cause transcription of said DNA sequence into RNA 

during the time of transcription of said gene ; and 

(c) a tenminator sequence which defines a tenmination signal during transcription of said DNA sequence. 

[0039] In accordance with the preceding method the invention Is also directed to hybrid seed containing a recom- 
15 binant DNA molecule which comprises: 

(a) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by a sense gene 
which is critical to pollen formation or function in a plant grown from said seed; 

(b) an inducible promoter which functions in said plant to cause transcription of said DNA sequence Into RNA 
20 during the time of transcription of said sense gene and; 

(c) a tennlnator sequence which defines a temnlnatlon signal during transcription of said DNA sequence. 

[0040] According to another aspect of the invention as claimed herein, we provide a DNA coding sequence isolated 
from a plant of the species Brassica napus cv. Westar which is expressed only in microspores and whose expression 

25 is critical to microspore development. It is believed that this DNA fragment, the sequence of which is shown in figure 
2a, (nucleotides 600-2430) will be found and expressed exclusively in pollen in other species of pollen-bearing plants, 
partlcularty species of plants within the genus Brassica and the family Cruciferae. The occun^ence of this sequence in 
other species of pollen-bearing plants may be routinely ascertained by known hybridization techniques, it is believed 
that the similarity of plant genes from species to species will allow for the preceding aspects of the present invention 

30 to be carried out using said DNA fragment in any number of pollen bearing plant species that are capable of being 
genetically transformed. The universality of plant genes has been widely documented in the literature and homologous 
plant genes have been described for plant actins (Shah, D.M., et al, J. Mol. Appl. Genet. 2:111-1 26, 1 983), phytochrome 
(Hershey H.P., etal., Proc. Natl. Acad. Scl. USA 81 :2332-2337, 1984) storage proteins (Singh, N.K., etal., Plant Mol. 
Biol. 11:633-639, 1988) enzymes such as glutamine synthase (Lightfoot, D.A., et al, Plant Mol. Biol. 11:191-202, 1988, 

35 and references within) and nitrate reductase (Cheng, C, et al, EMBO Jour. 7:3309-3314). These and other examples 
In the literature clearly demonstrate that many plant genes are highly conserved. It is also clear that this conservation 
applies not only to structural proteins but to enzymatic proteins important to cellular physiology. Therefore, it is believed 
that said DNA fragment, when found in another plant species, will be critical to microspore development and will be 
able to be employed to carry out the present invention in such species. Furthermore, it is to be understood that any 

40 number of different genes that are crucial to microspore development or tissues uniquely involved in and critical to 
microspore development could be isolated and used In accordance with the preceding methods. 
[0041] According to another aspect of the invention, we provide a pollen specific promoter sequence (nucleotide 
1 -595 shown in figure 2a) that can be utilized to limit the expression of any given DNA sequence to pollen tissue and 
to a period during pollen fonnation. The pollen specific promoter can be used to limit the expression of DNA sequences 

45 adjacent to it, to pollen tissue in both the Solanacae and Cruciferae families as provided for in the specific examples 
and it is fully believed that this DNA fragment or functional fragment thereof will function as a pollen specific promoter 
in all pollen bearing plant species of interest that are capable of being genetically transfomned. This pollen specific 
promoter can be used In conjunction with its naturally flanking coding sequence described above (nucleotides 
600-2430) or any other coding sequence that is critical to pollen formation or function to carry out each of the preceding 

50 aspects and embodiments of this invention which do not call for the use of an inducible promoter. 

[0042] By using a pollen specific promoter to regulate the expression of the antisense DNA, it is possible to interfere 
with normal microspore development in any given plant, without having to first isolate from the genomic DNA of said 
plant, a gene which codes for a developmentally regulated protein that is critical to microspore development. We will 
describe a method to produce a male sterile plant where the sense gene targetted for inactivation is a gene that is 

55 critical to cellular function or development and is expressed in metabolically competent cell types. To produce a male 
sterile plant, such a gene is specifically inactivated in pollen by using a pollen specific promoter to limit the transcription 
of its antisense DNA complement to pollen tissue. We will also describe a method to produce a male-sterile plant, 
wherein the sense gene targeted for inactivation is a foreign gene which confers on the plant resistance to a chemical 
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agent or a naturally ocuning or artificially induced physiological stress. This gene can be inserted into the genome of 
the plant, prior to, after or concurrently with the antisense DNA. A male sterile plant can be produced by growing a 
plant in the presence of such a stress during pollen fomiation and using an antisense gene comprising said pollen 
specific promoter to specifically inactivate, in pollen, during pollen fonnation, a gene conferring on the remainder of 

5 the plant resistance to said stress. Any stress which can adequately be controlled on a large scale and tor which a 
resistance gene has been identified may theoretically be employed in this scheme, including possibly but not limited 
to herbicides, pathogenic organisms, certain antibiotics and toxic drugs. In this scheme, a male sterile plant line can 
be maintained by self-pollination when grown In the absence of the biochemical or physiological stress. Restoration is 
inherent in growing plants produced from hybrid seed in the absence of said stress. 

10 [0043] It is expected that one may use any number of different pollen specific promoters to carry out this invention. 
It is often difficult to determine a priori what pollen specific promoter could be used to inhibit a gene that is critical to 
pollen development or cellular function and development, but certain conditions must be met. The pollen specific pro- 
meter used to carry out the relevant aspects of this invention should be a promoter that functions to cause transcription 
of the antisense gene at a time concomitant with the expression of the sense gene sought to be inactivated. The pollen 

15 specific promoter should also function as to produce sufficient levels of antisense RNA such that the levels of the sense 
gene product are reduced. Investigations of the mechanism of antisense RNA inhibition of gene expression in model 
systems have suggested that equal or greater than equal levels of antisense RNA may be required in order to observe 
a significant reduction of sense gene activity. However, in some cases it is noted that low levels of antisense RNA can 
have a specific reduction in sense gene activity. Therefore it is suggested that the pollen specific promoter that is used 

20 to carry out certain aspects of this invention be chosen based on the observation that the pollen specific promoter 
functions to cause the expression of any sequences adjacent to it to be transcribed at a time that parallels or overlaps 
the period of time that the sense gene sought to be inactivated is express and that the levels of antisense RNA ex- 
pressed from the antisense gene be of levels sufficient to inhibit the sense gene expression, usually to mean greater 
than or equal to the levels of sense RNA. 

25 [0044] The detemnination of the most likely developmental stage in which the sense gene is targeted for inactivation 
can be accomplished by chosing a time in the developmental pattern of pollen formation at which the sense gene is 
maximally expressed and using a pollen specific promoter that displays a similar developmental pattern. 
[0045] Thus according to another aspect of our invention , we provide a method of producing a male sterile plant from 
a plant selected from those species of pollen bearing plants that are capable of being genetically transfonned which 

30 method comprises the steps of: 

(a) identifying and isolating preferably from said pollen producing plant a sense gene or coding sequence that is 
critical to cellular function or development and expressed in metabolically competent cell types; 

(b) Inserting into the genome of a plant cell a recombinant double stranded DNA molecule comprising: 

35 

i) a DNA sequence that codes for RNA that is complimentary to the RNA encoded by said sense gene or 
coding sequence; 

ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence 
into RNA in a time frame which enables said RNA to block the function of the RNA encoded by said sense 

40 gene or coding sequence; and preferably 

iii) a temiinator sequence which defines a termination signal during transcription of said DNA sequence. 

(c) obtaining a plant cell that has been genetically transfonned with said DNA sequence; 

(d) regenerating from said transfonned plant cell a genetically transfonned plant which is mate sterile. 

45 

[0046] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
been transfonned with a recombinant DNA molecule as defined in step (b) above and which is capable of being re- 
generated into a male sterile plant. 

[0047] Similariy, in accordance with another aspect of this Invention we provide a method of producing hybrid seed 
so from plants selected from those species of pollen producing plants which are capable of being genetically transformed 
comprising the steps of: 

(a) producing a male sterile plant by: 
identifying and isolating preferably from said 

55 

i) pollen producing plant a sense gene or a coding sequence that is critical to cellular function or development 
and expressed in metabolically competent cell types. 

ii) inserting into the genome of a plant cell of said plant that Is capable of regeneration into a differentiated 
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whole plant, a gene which confers on said plant resistance to a chemical agent or physiological stress and. 
linked to said gene, a recombinant DNA sequence comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 
5 sense gene or coding sequence; 

(B) a promoter which functions in said plant cell to cause transcription of said DNA sequence into RNA in 
a time frame which enables said RNA to block the function of the RNA encoded by said sense gene or 
coding sequence; and preferably; 

(C) a temiinator sequence which defines a temiination signal during transcription of said DNA sequence 

10 

ill) obtaining a transfomied plant cell of said plant; and 

iv) regenerating from said transformed plant cell a plant which is genetically transfomied with the genes de- 
scribed in step (a)(ii) above and which is male sterile; and 

15 (b) increasing the number of genetically transfonried plants by: 

i) crossing the genetically transfomied plant described in step (a)(iv) above with a suitable male fertile plant; 

ii) using a chemical agent or physiological stress to eliminate plants which do not contain the genes described 
in step {a)(ii) above among plants grown from seed produced by such cross; and 

20 iii) repeating such a cross over several generations with the plants obtained as in step (b)(li) above in the 

presence of said chemical agent or physiological stress to Increase the numbers of male sterile plants; 

(c) effecting a hybrid cross by pollinating said male sterile plants with pollen from suitable male fertile donors. 

25 [0048] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
been transfomied with a gene and a recombinant DNA sequence as defined in step (a) (ii) above and which is capable 
of being regenerated into a male sterile plant. 

[0049] Again it Is to be understood that where there are altemating rows of male sterile plants and male fertile plants, 
it may be simpler but not essential to cany out the final selection of male steriles in the field alongside the male fertile 
30 donors. Therefore it is desirable if the suitable male fertile donors are previously transfonmed to be resistant to the 
selective agent to avoid having to selectively apply said agent to the rows of male sterile plants. 
[0050] Therefore, in accordance withthe two preceding aspects of this invention.the invention is also directed to a 
plant and hybrid seed containing DNA comprising a recombinant DNA molecule which comprises: 

35 (a) a DNA sequence that codes for RNA that is complimentary to mRNA encoded by a gene that is essential to 

cellular function or development In metaboltcalty competent cell types; 

(b) a pollen specific promoter whk:h functions in said plant or plant grown from said hybrid seed to cause tran- 
scription of said DNA sequence into RNA In a time frame which 'enables said RNA to block the function of the 
RNA encoded by said gene; and preferably 
40 (c) a terminator sequence which defines a tenmination signal during transcription of said DNA sequence. 

[0051] It is to be understood that a sense gene that codes for a protein that is critical to cellular function or development 
may be identified in the literature and Isolated In a simplified fashion according to the methods described below. 
[0052] Examples of such proteins are proteins such as actin, tublin or ubiquitin, three proteins which are essential 

45 to cellular growth and development. 

[0053] Sequences for actin genes isolated from plants have been published (for example; Baird W.V., and Meagher, 
R.B., EMBO J. 6:3223-3231, 1987, or Shah, D.M., Hightower, R.C. and Meagher, R.B., Proc Natl Acad Sci USA 79: 
1022-1026, 1982) and actin is known to play a critical role in nomnal cellular function especially during mitosis and 
meiosis where actin fonns part of the cellular apparatus for cellular division. 

50 [0054] The sequence for plant tubulin has also been described (Raha, D., Sen, K. and Biswas, B.B. Plant Mol Biol 
9:565-571, 1987). Tubulin, like actin, is known to be important in the cellular life cycle particularly in regards to cell 
shape, transport and spindle fomnatlon during mitosis and meiosis. 

[0055] The DNA sequence for plant ubiquitin has also been published (Gausing, K. and Barkardottir, R. Eur J. Bio- 
chem 158:57-62, 1986). Ubiquitin is a protein involved in the turnover of cellular proteins and as such has a critical 
55 role in the regulation of specific cellular protein levels. In addition, ubiquitin is one of the most highly consen/ed proteins 
In eukaryotic cells. Interference with ubiquitin expression can cause abnomiallties in the turnover of cellular proteins. 
[0056] If any of the aforementioned proteins are not present in the cell, proper cellular function is interfered with and 
the cell fails to develop properiy. 
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[0057] It is believed that a gene that is found to be essential to cellular growth or development In one plant species 
will have a similar counterpart In other plant species, since it is generally understood that within the plant kingdom 
there are genes that are nearly identical or very homologous involved in the basic processes that control or are a result 
of cellular development. It is further believed that a gene that interferes with the expression of said gene (ie. an antisense 

s gene) in one plant species will have the ability to do so in other plant species. 

[0058] The similarity and universality of these genes have been exemplified in the literature. The tissue-specific and 
developmentally regulated expression of a wheat endosperm protein synthesized in tobacco plants genetically trans- 
formed with this wheat gene has been reported (Ravell. R.B., et al, Second International Congress for Plant Molecular 
Biology, Abstract #97). In that example, the wheat gene functioned in the tobacco plant In an identical fashion to the 

10 way In which it functions in a wheat plant. Other literature clearly shows that the regulation of a specific gene, which 
can be in many cases complex, is maintained in transgenic plants. One example of this is the phytochrome mediated 
regulation of a wheat Chlorophyll a/b-binding protein in transgenic tobacco (Nagy, R et al, EMBO Jour, 5:1119-1124, 
1 986). In this example the light responsive specific regulation of the wheat gene was maintained in the foreign genetic 
environment. Not only do cereal genes function in a conserved manner, but genes from other plant species that are 

15 more closely related maintain functionality in heterologous genetic systems. Pea seed proteins are expressed properly 
in tobacco plants (Higgins, TJ.V., etaj Plant Mol. Biol. 11 :683-696, 1988), as are soybean seed proteins, (Barker, S. 
J., et al, Proc. Natl. Acad. Scl.USA 85:458-462, 1988) and pea rbcS genes (Nagy, F. et aL. EMBO Jour. 4:3063-3068. 
1985). The scientrfic literature has numerous other examples of genes that have been used to genetically transform 
plants and those genes maintain their ability to function properly in this new genetic environment. Therefore the con- 

20 served nature of these genes, not only in the DNA sequences which control the expression of these genes, but the 
actual protein structure coded for by these genes, is similar among the plant species. 

[0059] It follows that one should be able to specifically inhibit the production of these proteins by using antisense 
DNA which is specific to the mRNAs encoded by the published sequences and a pollen specific promoter according 
to the methods described above. 
25 [0060] According to another aspect of the invention as claimed herein, we provide a method of producing a male 
sterile plant from a plant selected from those species of pollen producing plants which are capable of being genetically 
transformed, which method comprises the steps of: 

(a) transfomiing a plant cell of said plant which is capable of being regenerated into a differentiated whole plant 
30 with a sense gene which confers on said plant resistance to a chemical agent or a naturally ocun-ing or artificially 

Induced physiological stress; 

(b) regenerating from said transfomried plant cell a genetically transfomried plant which is resistant to the same 
stress; 

(c) inserting into the genome of a plant cell of the stress resistant plant which is capable of being regenerated into 
35 a differentiated whole plant a recombinant double stranded DNA molecule comprising: 

i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by the said sense 
gene; 

ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence 
40 into RNA; and preferably 

111) a tenminator sequence which defines a temnination signal during transcription of said DNA sequence. 

(d) obtaining a plant cell of said stress resistant plant which has been transformed with the gene described in step 

(c) above; 

45 (e) regenerating from said transfomied plant cell a plant which has been genetically transfonned with the genes 

described in step (a) and step (c) above and can be rendered male sterile by said chemical agent or stress; 
(f) and growing said genetically transfomried plant described in step (e) above in the presence of the same chemical 
agent or stress during pollen fomiation to produce a male sterile plant. 

50 [0061] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
been transfonned with a recombinant DNA molecule as defined In step (c) above and which is capable of being re- 
generated into a plant which candies the male sterile trait. 

[0062] In accordance with step a) through e) of the preceding method, the invention is also directed to a method of 
producing a plant which caries the male sterile trait. 
55 [0063] It must be understood that the preceding aspect of our invention may also be acomplished by transfomiing 
a plant cell with both of the genes refenred to in (a) and (c) above simultaneously, and therefore without an intenmediate 
regeneration step (b). 

[0064] According to another aspect of the invention as claimed herein, we provide a method of producing hybrid 
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seed with restored fertility from plants selected from those species of pollen producing plants which are capable of 
being genetically transformed comprising the steps of: 

(a) producing a plant which canies a male sterile trait by: 

i) inserting concomitantly or independently into the genome of a plant cell of said pollen producing plant which 
Is capable of being regenerated into a differentiated whole plant, a sense gene which confers on said plant 
resistance to a chemical agent or a naturally occurring or artificially induced physiological stress and a recom- 
binant double stranded DNA molecule comprising: 

(A) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said 

sense gene; 

(B) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence 
Into RNA; and preferably 

(C) a tenninator sequence whch defines a tennination signal during transcription of said DNA sequence; 

ii) obtaining a plant cell of a plant which has been transfonrned with the genes described in step (i) above; 

iii) regenerating from said transformed plant cell a plant which is genetically transformed with the genes de- 
scribed in step (i) above and can be rendered male sterile by said chemical agent or stress; 

(b) increasing the number of genetically transfomied plants: 

i) growing the genetically transfomied plant described in step (a)(iii) above in isolation from the same stress 
or chemical agent to produce a self-fertile plant; 

ii) pemiitting self-fertilization; and 

iii) growing seed of such self-fertile plant, over a numberof generations in isolation from the same stress or 
chemical agent to Increase the number of genetically transfomied plants; 

(c) effecting a hybrid crossing growing said genetically transfomned plants alongside plants of a suitable line of 
male fertile donors in the presence of the same stress or chemical agent during pollen fomriation to produce male 
sterile plant and to penmit pollination of the mate sterile plants. 

[0065] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
been transfomied with a gene and a recombinant DNA molecule as defined In step (a) i) above and which is capable 
of being regenerated into a plant which carries the male sterile trait. 

[0066] In accordance with the two preceding aspects of this invention, the invention is also directed to a plant com* 
prising: 

(A) a sense gene which confers on said plant resistance to a chemical agent or a naturally occurring or artificially 
induced physiological stress; and 

(B) a recombinant double stranded DNA molecule comprising: 

(i) a DNA sequence that codes for RNA that Is complimentary to the RNA sequence encoded by said sense 
gene; 

(11) a pollen specific promoter which functions in said plant to cause transcription of said DNA sequence Into 
RNA; and 

(iii) a tenminator sequence which defines a tennination signal during transcription of said DNA sequence, 
and hybrid seed containing DNA comprising: 

(a) a sense gene which confers on a plant grown from said seed resistance to a chemical agent or a naturally 
occurring or artificially induced physiological stress; and 

(b) a recombinant double stranded DNA molecule comprising: 

i) a DNA sequence that codes for RNA that is complimentary to the RNA sequence encoded by said sense 
gene; 

ii) a pollen specific promoter which functions in said plant to cause transcription of said DNA sequence into 
RNA; and 
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iii) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

[0067] According to another aspect of the invention as provided in the claims, we describe a method of producing a 
mate sterile plant by transfonming a plant with a recombinant DNA molecule comprising a pollen specific promoter and 

5 a DNA sequence coding for a cytotoxic molecule. In theory any toxic molecule which Is known to be encoded by one 
or more Identifiable DNA sequences may be employed within the scope of this aspect of the Invention , including possibly 
but not limited to ricin and diphtheria toxin. We provide a method to produce hybrid seed with restored male fertility by 
crossing said male sterile plant with a suitable male fertile plant that has been transformed with a recombinant DNA 
molecule comprising the pollen specific promoter and a DNA sequence which is in the antisense orientation to that of 

10 the DNA sequence coding for the cytotoxic protein molecule, thereby inhibiting the expression in the hybrid plant of 
said DNA sequence coding for the cytotoxic molecule. 

[0068] Thus according to another aspect of the invention as claimed herein we provide a method of producing a 
male sterile plant from a plant selected from those species of pollen producing plants which are capable of being 
genetically transformed, which method comprises the steps of: 

15 

(a) Inserting Into the genome of a plant cell of said plant a recombinant double stranded DNA molecule comprising: 

(i) a pollen specific promoter; 

(ii) a DNA sequence that codes for a cytotoxic molecule; and 

20 (iii) a terminator sequence which defines a temriinatlon signal during transcription of said DNA sequence. 

(b) obtaining a transfonned plant cell; and 

(c) regenerating from said transfonmed plant cell a genetically transfomried plant which is male sterile. 

25 [0069] In accordance with the preceding method the invention is also directed to a totipotent plant celt which has 
been transformed with a recombinant DNA molecule as defined in step (a) above and which is capable of being re- 
generated into a male sterile plant. 

[0070] According to yet another aspect of the invention as claimed herein, we provide a method to produce hybrid 
seed with restored male fertility from plants selected from those species of pollen producing plants which are capable 
30 of being genetically transfomned comprising the steps of: 

(a) inserting Into the genome of a plant cell of said pollen producing plant that is capable of being regenerated into 
a differentiated whole plant, a gene which confers on said plant resistance to a chemical agent or physiological 
stress and linked to said gene a recombinant double stranded DNA molecule comprising: 

35 

(I) a DNA sequence whk^h codes for a cytotoxic molecule; 

(ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence; and 

(iii) a terminator sequence which defines a tennination signal during transcription of such DNA sequence. 

40 (b) obtaining a transfomned plant cell; 

(c) regenerating from said plant cell a genetically transformed plant which is male sterile; 

(d) Increasing the number genetically transfonned plants by: 

i) crossing the geneticaly transfonned plant described in step (c) above with a suitable male fertile plant; 
45 jj) using a chemical agent or physiological stress to eliminate plants which do not contain the genes described 

in step (a) above among plants grown from seed produced by such cross; and 

ill) repeating such a cross over several generations with the plants obtained as in step (d) ii) above in the 
presence of said chemical agent or physiological stress to increase the numbers of male sterile plants; 

so (e) inserting into a plant cell of suitable male fertile plant selected from the same species a recombinant double 

stranded DNA molecule comprising: 

(i) a DNA sequence which codes for RNA that is complimentary to the RN A sequence coding for said cytotoxk: 
molecule; 

55 (11) a promoter which causes transcription of the DNA sequence defined in step (d)(i) above at about the time 

of transcription of the DNA sequence defined in step (a)(i); 

(Iii) a tenninator sequence which defines a termination signal during transcription of the DNA sequence de- 
scribed In step (e)(i) above; 
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(f) obtaining a transformed plant cell from step (d); 

(g) regenerating from said transformed plant ceil described in step (d) above a genetically transfonned male fertile 
plant. 

(h) producing a restorer line by permitting said genetically transfonned male fertile plant to self fertilize and growing 
5 seed of such plant, over a number of generations to increase the mumbers of genetically transfonned male fertile 

plants; 

(i) effecting a hybrid cross by pollinating said male sterile plants with pollen from said genetically transfonned male 

fertile plants. 

10 [0071] In accordance with the preceding method the invention is also directed to a totipotent plant cell which has 
been transformed with: 

1) a gene and a recombinant DNA molecule as defined In step (a) and which is capable of being regenerated into 
a mule sterile plant or 

15 2) a recombinant DNA molecule as defined in step (e) above and which is capable of being regenerated into a 

male fertile plant carrying the restoration trait. 

[0072] As discussed above, in a hybrid seed production scheme where there are alternating rows of male sterile 
plants and male fertile plants, it may be simpler but not essential to carry out the final selection of male steriles in the 
20 field alongside the male fertile donors. Therefore it is desirable if the suitable male fertile donors are previously trans- 
fonned to resistance to the selective agent to avoid having to selectively apply said agent to the rows of male sterile 
plants. 

[0073] in accordance with the preceding two aspects of the invention, the invention also contemplates a male sterile 
plant which has incorporated into its DNA a recombinant DNA molecule comprising: 

25 

(i) a DNA sequence which codes for a cytotoxic molecule; 

(ii) a pollen specific promoter which functions in said plant cell to cause transcription of said DNA sequence; 

(iii) a terminator sequence which defines a temnination signal during transcripton of said DNA sequence; 

30 and hybrid seed which has incorporated into its DNA said recombinant DNA molecule as well as another recombinant 
DNA molecule comprising: 

(a) a DNA sequence which codes for RNA that is complimentary to an RNA sequence encoded by said gene 
coding for the cytotoxic molecule; 
35 (b) a promoter which causes transcription of said DNA sequence into RNA at about the time of transcription of 

said gene coding for said cytotoxic molecule; and 

(c) a terminator sequence which defines a termination signal during transcription of said DNA sequence. 

[0074] In the accompanying figures: 
40 [0075] Figure 1 a is a schematic representation of a restriction map of L 4 a microspore specific genomic clone isolated 
from a Brassica napus genomic library. 

[0076] Figure 1 b is a schematic representation of a restriction map of L 1 9, a microspore specific clone isolated from 
3 Brassica napus genomic library. 

[0077] Figure 2a is the nucleotide sequence of a portion of the clone L 4 represented in Figure 1 a. 
45 [0078] Figure 2b is the nucleotide sequence of a portion of the clone L 1 9 shown in Figure 1 b. 

[0079] Figure 3 is a schematic representation of a protocol for producing the vector PAL Example 1107, discussed 
in greater detail below. 

[0080] Figure 4 is a schematic representation of a protocol for producing a clone containing a coding region of the 
A chain of the ricin gene. 

50 [0081] In Figures la and lb, the orientation of the restriction maps of the microspore specific Brassica napus genomic 
clones L 4 and L 19 is from 5' to 3'. Clone L 4 was used for the isolation of a microspore specific promoter and for 
isolation of microspore specific gene coding fragments. Clone L 19 was used as a source for a microspore specific 
gene coding region. The 5' of each done region contains the promoter region of the clone. The shaded region of each 
clone demarcates the approximate coding region of the clone. Only those restriction sites which are relevant to the 

55 constructions detailed below are shown. The right and left amis of the lambda cloning vector are not shown. Indicated 
below each clone is the region of DNA that has been sequenced. Those sequences are given in figures 2a and 2b. 
[0082] In Figures 2a and 2b the DNA sequence of selected portions of clones L 4 and L 1 9, respectively, are shown. 
Specifically, the sequences of the double stranded DNA In the regions indicated in Figures 1 a and 1 b are shown In the 
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5' to 3' orientation. For clone L 4, nucleotide 1 is 599 base pairs In front of the ATG codon of the coding region shown 
in figure la, the start of transcription is at nucleotide 526 and the start of translation is at nucleotide 600-603 (ATG). A 
Dde i site is shown at position 590 immediately upstream of the ATG start codon. This Dde I site and a further Dde I 
site shown 1 900 nucleotides upstream of this site were used to excise the promoter region for the construction of PAL 

5 1 1 07. In addition, the position of the first two Introns and exons are indicated. The precise start site of the third exon 
is not identified, only the approximate splice site is demarcated by the dashed line. The 3' temiinatlon site of the gene 
is 3' to the last nucleotide shown in this DNA sequence. The sequence of clone L 19 extends approximately 1.5 Kb 
from the leftmost Eco Rl site to approximately the Bgl II site in the coding region. A Hind III site is shown at position 
1899-1905. This site corresponds to the left most Hind 1)1 site in clone L 19. 

10 [0083J In Figure 3 the protocol for constructing PAL 11 07 Is shown. For this construction, the Eco Rl - SstI fragment 
that encompasses most of the coding region and 230 bases of the promoter region Is subcloned into the plasmid vector 
pGEM 4Z using the Eco Rl and Sst I sites in the polylinker region. This clone (pPAL 0402) Is digested with Eco Rl and 
the 2.5 Kb Eco Rl fragment upstream of the coding region from the genomic clone L 4 is added, giving the clone pPAL 
0403 with a reconstructed 5' region of clone L 4. The Dde I fragment is then isolated from pPAL 0403 by gel elution, 

IS made blunt with Klenow, and cloned into pGEM 4Z previously cut with Xba I and blunted with Klenow, creating pPAL 
0408. pPAL 0408 Is cut with Sal I and Sst I and the promoter fragment now containing a portion of the polylinker from 
pG EM 4Z is then cloned into PAL 1 001 previously cut with Sal i and Sstt. creating PAL 1 1 07. The vector contains the 
N PT li gene for selection in plant cells, plus the promoter region from the pollen specific clone L 4 followed by a portion 
of the polylinker from pGEM 4Z containing these unique sites for insertion of DNA fragments to be transcribed using 

20 the following restriction enzymes: Bam HI . Kpn I. Sma I and Sst I. The promoter region Indicated Is the promoter region 
of clone L 4. oriented in the 5' to 3' direction. DNA fragments placed at the 3' end of this fragment will be transcribed 
only in pollen. T represents the 260 bp Sst I - Eco Rl restriction fragment containing the nopaline synthase polyade- 
nylation signal. 

[0084] In Figure 4 the protocol for isolating Ricin A chain sequences is shown. A clone containing part of the ricin 
25 gene Is isolated as a Eco Rl fragment in pGEM 4Z as shown. The clone is digested with Kpn I and Sst I and digested 
with exonuctease 111. Following SI digestion and blunt end repair by Klenow, the clone is rellgated in the presence of 
a universal translation tenninator (purchased from Phamiacia RL. Biochemicals). A clone containing this terminator 
and which was deleted to amino acid residue 262 of the A chain is recovered. This clone Is digested with Bam HI and 
recloned into Bam HI cut pGEM 3 and a clone containing the orientation shown is chosen. The resultant clone is cut 
30 with Pst I and Sal 1, then digested with exonuclease 111 followed by SI and Klenow treatment to make the DNA blunt 
ended. A palindromic linker that contains an ATG start codon and a site for Bam HI is added and the clone rellgated 
so that a Bam Hi site was introduced before the ATG start. Clones are chosen, sequenced and one in which the ATG 
is in frame with the rest of the A chain coding sequence is chosen. This construction allows the ricin A chain sequence 
to be excised as Bam HI fragment. L represents the leader sequence for ricin whereas B represents a portion of the 
35 B chain of ricin. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0085] It is known that there are currently a limited number of species of plants that are capable of being transfomned. 

40 Routine transfomiation is largely restricted to two plant families: Solanacae and Cruclferae. Examples of species in- 
cluded within these families are Nicotiana tabacum (Solanacae), Lycopersicon esculentum (Solanacae) and Brassica 
napus (Cruclferae). These include canola, tobacco and tomato plants. It is believed that the present Invention may be 
carried out with plants selected from any one of said species. Furthermore, it Is fully expected that the present invention 
may be carried out with any other species of plant that Is later determined to be capable of being genetically transformed. 

45 [0086] The pollen specific promoter refen^ed to above was isolated from a plant of the species Brassica napus. It is 
believed, In respect of each of the species of plants enumerated In the preceding paragraph, each of which was trans- 
fomned with a gene comprising said promoter, that It Is possible to use said promoter to limit the expression of a given 
structural gene sequence to mrcrospores and to a period during pollen fomnation. Current published scientific literature 
has clearly demonstrated that plant genes are universal and specifically that plant tissue-specific promoter fragments 

50 retain their function in other species. For example, wheat endospenn promoter fragments (Simpson, J., et al, EMBO 
Jour. 4:2723-2729, 1 985). or the Alcohol Dehydrogenase (ADH) promoter fragments (Ellis, J.G., et al, EMBO Jour. 6: 
11-16, 1987) can function property in other plant species genetically transformed with said promoter fragments. Ac- 
cordingly, It Is fully expected that the pollen specific promoter that we have isolated is capable of being utilized to limit 
the expression of any given structural gene sequence to microspores and to a period during pollen formation, In any 

55 other pollen -producing plant species of interest that is later found to be capable to being genetically transfomned, 
including preferably species within the families Solanacae and Cruclferae and more preferably species of plants se- 
lected from the genus Brassica. 

[0087] According to the present Invention, the following advantages are achieved over other hybridization systems: 
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(a) Hybrid seed production is not labour Intensive and can be achieved on a large scale with commercially accept- 
able costs; 

(b) Male sterility is simply inherited and stable in response to environmental stresses that limit the effectiveness 
of self-incompatibility and CMS based schemes. Seed that is produced will be relatively uncontamlnated by setfed 

5 seed; 

(c) The system avoids the use of defective cytoplasmic organelles that may themselves detract from the perform- 
ance of the hybrid seed; and 

(d) The system will greatly speed the development and increase the number of lines that can be tested as hybrid 
parents because it can be imposed on any inbred plant line capable of regeneration into transfonned plants without 

10 the inclusion of additional genomic DNA. Additionally, plant lines can be tested for combining ability before incor- 

poration of the hybridization system. 

[0088] The schemes in which male fertility is controlled by controlling the presence of an inducer or a physiological 
stress are particularly advantageous for hybrid seed production on a large scale since propagation of the male sterile 

15 line can be accomplished by a simple means. 

[0089] As a preferred embodiment of several aspects of our invention discussed above, we provide methods of 
introducing genie male sterility into a plant species of the genus Brassica , in respect of which a satisfactory CMS system 
is not available. These methods overcome the difficulties associated with the use of a CMS based male sterility system, 
specifically with regard to yield loss associated with defective mitochondria. 

20 [0090] The following temns and expressions, when used throughout the disclosure and claims herein, are to be 
interpreted in accordance with the definitions set out below unless the context dictates that said temns and expressions 
are not to be so limited: 

[0091 ] AntisenseDNA - A DNA sequence produced when the sense DNA is inverted relative to its normal presentation 
for transcription and inserted downstream from a promotor. The antlsense DNA may be constructed in a number of 
25 different ways, provided that it is capable of being transcribed into RNA which is complimentary to and capable of 
blocking translation of the RNA produced by the sense gene. 
[0092] Antlsense RNA - RNA that is encoded by antlsense DNA. 

[0093] Capable of Being Gentically Transfonned - In reference to a plant, this expression means a plant containing 
cells which can stably incorporate recombinant DNA molecule and be regenerated into a differentiated whole plant. 

30 [0094] Critical to Pollen Fomnation or Function - Any gene that is specifically required for the development or function 
of pollen. Such genes Include but are not necessarily limited to genes which are critical to microspore growth and 
development or microspore function (eg. ability to gemninate and effect fertilization) and genes which are critical and 
required for growth and developing of ail cells and tissues associated with developing microspores such as the filament, 
tapetum and the anther wall. 

35 [0095] Gene - Structural gene with flanking expression signals or sequences. 

Gene That Is Critical To Cellular Function Or Development 

[0096] Any gene that codes for a product that is essential for the continued function or development of all metabolically 
40 competent cells such as but not limited to genes involved in essential cellular structures, essential bio-synthesis and 
essential metabolism. 

[0097] Genomic DNA - The DNA of the plant genome. 

[0098] Genomic Library - A collection of segments of genomic DNA which have been individually Inserted into phage 
vectors, which collection is used to isolate specific genomic sequences. 
45 [0099] Hybrid Plant - A plant grown from hybrid seed. 

[0100] Hybrid Seed - Any seed produced by the cross-pollination of any particular plant inbred line by a pollen other 
than the pollen of that particular plant variety inbred line. 

[0101] Microspore - A spore that develops into a pollen grain. This term is used interchangeably with "pollen". 
[01 02] Pollen Grain (or Pollen) - A structure derived from the microspore of seed plants that develops into the male 
50 gametophyte. 

[0103] Pollen Specific Promotor - A promotor that functions exclusively in pollen, 

[0104] Promotor - A DNA sequence (expression signal) that causes the initiation of transcription of sequences ad- 
jacent to It. 

[0105] Restriction Fragment - A specific length fragment of DNA produced by the complete restriction digest of a 
55 particular DNA using the specified restriction digest. 

[0106] Sense Gene - A DNA sequence that Is capable of producing a functional protein product, which sequence 
consists of a promotor, a structural gene and a temninator. In the context of the present invention, we shall refer to the 
structural gene sought to be inactivated when combined with promotor and temninator sequences as a sense gene. 
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[0107] Sense RNA - RNA that is the normal product of transcription of a sense gene and therefore capable of being 

translated in vitro into a functional protein product. 

[0108] Structural Gene - A DNA sequence that codes for a protein sequence. 

[0109] Suitable Male Fertile Plant - Suitability for the purpose of producing hybrid seed is determined by standard 
5 crossing of different varieties with subsequent analysis of the progeny and selection of a variety with a superior com- 
bining ability. Suitability of a male fertile plant for the purpose of crossing with a male sterile plant to increase the number 
of male sterile plants means use of, but is not necessarily limited to use of, a plant of the same inbred line from which 
the male sterile plant is derived. In some instances the desired increase in plants that function as the male sterile 
female parent can be produced simply by setting thus the suitable male fertile plant can also be itself. 
10 [0110] Terminator - A DNA sequence (expression signal) that directs the end point of transcription in plants. 

[01 1 1 ] Transfonnation - The use of Agrobacterium sp. or any other suitable vector system(s) to transfer foreign DNA 
in a stable fashion into the genomic DNA of a plant species. 

METHODOLOGY 

15 

[0112] In the foregoing description of the Invention, we set forth, In general temis, the steps that can be employed 
to produce male sterile plants and hybrid seed in accordance with our invention. It is to be understood that these various 
steps may be accomplished by a variety of different procedures. In the following description of preferred procedures, 
we refer to several alternative procedures to accomplish these steps. However, it is contemplated that other variations 
20 will be apparent to those skilled in the art. Accordingly, the scope of the present invention is Intended to be limited only 
by the. scope of the appended claims. 

[0113] The isolation of genes that are critical to pollen formation may be accomplished by a variety of procedures. 
In accordance with one aspect of the method of our invention, we identify by known methods, genes that are only 
expressed at specific stages during pollen development whose regulation is tightly controlled. The genes may be 

25 Isolated by cloning techniques in accordance with the detailed method set out below. The isolation step may also be 
accomplished by ascertaining, according to standard cloning techniques discussed below, whether a given gene which 
is known to be critical to pollen fonnation and expressed exclusively in microspore tissue in one plant, has the same 
utility in another plant. It is also known that certain genes are critical to cellular function and are expressed In all cell 
types. These genes may be isolated using the published DNA sequences for these essential genes, some of which 

30 are conserved amongst the plant and animal species, and in conjunction with a promoter that limits gene expression 
to only pollen tissue be used for the construction of an antisense RNA gene that caused male sterility. 
[0114] The antisense genes may be constructed according to any one of a variety of known methods. The prefered 
method of constnjction detailed below is to excise the double stranded coding region of the sense gene or a functional 
fragment thereof and to insert said double stranded DNA molecule downstream from a promoter, in an inverted orien- 

35 tation relative to its normal presentation for transcription. A temninator structure is preferably added to the end of this 
antisense gene. It Is possible within the scope of the present invention to synthetically produce said antisense DNA 
sequence or a functional fragment thereof, according to known methods, and Insert said sequence by known methods 
downstream from a promoter that will cause timely transcription of same into sufficient quantities of RNA. 
[01 15] The antisense gene may be introduced into the plant cell by any one of a variety of known methods preferably 

40 by first inserting said gene into a suitable vector and then using said vector to introduce said gene into a plant cell. The 
transformed plant cell is selected for by the presence of a marker gene for any one of a variety of selectable agents 
which is capable of conferring resistance to transformed plant cells to same agent. Transfonned plant cells thus selected 
for can be induced to differentiate Into mature plant structures. Additionally, it is to be understood that whereas some 
aspects of this invention may require the transfonnation of a plant cell with two different genes, that these genes may 

45 be physically linked by both being contained on the same vector or physically seperate on different vectors. It is also 
understood that If the genes are on different vectors, that the transfonmation of a plant cell can take place with both 
vectors simultaneously providing each vector has a unique selectable marker. Alternatively, the transfonnation of a 
plant cell with the two vectors can be accomplished by an intermediate regeneration step after transformation with the 
first vector. 

so [01 16] Where the cost is warranted, and maintenance cannot be readily accomplished as discussed above, trans- 
formed plant cells can be grown in culture according to routine methodology to produce a cell line comprising a large 
number of transfonned cells. A large number of transfonned plants can be regenerated according to routine method- 
ology from said transfonned plant cell line to Increase and maintain the male sterile line. Routine methodology for 
culturing such cells and regenerating transformed plants from such cells is described in such plant tissue culture hand 

55 books as: Plant Tissue and Cell Culture. C. E. Green, D, A. Somers, W.P. Hackett and D. D. Biesboer, Eds., Alan R. 
Liss, Inc., New York, Experiments in Plant Tissue Culture , Dodds, J.H. and Roberts, L W. Eds., 1985, Cambridge 
University Press, or Cell Structure and Somatte Cell Genetics of Plants, Vasil, I. K., Ed., 1984, Academic Press, Hand- 
book of Plant Cell Culture. Volume 4. Techniques and Applications . Evans, D. A., Sharp. W. R., and Ammlrato, P.V., 
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Eds.. 1 986, Macmillan Publishing Company. 

[0117] It is also possible to produce male sterile plants by fusing cells of the transformed plant cell line with cells of 
plant species that cannot be transformed by standard methods. A fusion plant cell line Is obtained which cames a 
genetic component from both plant cells. The fusion cells can be selected for cells that carry the antisense gene and 

5 in many cases induced to regenerate into mature plants that cany the male sterile trait. 

[01 18] It is to be understood that any one of a number of different promoters can be used to regulate the expression 
of the antisense gene, provided that the promoter causes transcription of said antisense gene at the proper time and 
into sufficient quantities of RNA to block the function of the sense RNA and thereby prevent its translation into protein 
required for proper microspore development. Complete inhibition of the expression of these genes Is not needed, only 

10 expression that is reduced to the point that normal pollen development is interfered with. It is possible to use a com- 
bination of different genes and promoter structures to Interfere with nomnal pollen development. A promoter or a method 
which could be used to amplify the expression of the antisense gene could be useful to ensure adequate production 
of antisense RNA. 

[01 19] Vhen using a pollen specific promoter to inactivate a sense gene that is critical to pollen fonnation or function 
15 or to cellular growth or development, we discussed that it is often difficult to determine, a priori, what pollen specific 
promoter will effectively block the function of that gene. We discussed that It is preferable to use a pollen specific 
promoter that displays a similar developmental pattem to that gene. A convenient method to detemnine when the sense 
gene sought to be inactivated is expressed is to isolate RNA from developing microspores at different stages and to 
analyze this RNA for the expression of the sense gene by the so-called Northern analysis. This process will allow for 
20 the detenmination of the exact developmental period in which the sense gene is expressed. In order to detemnine the 
period In pollen development in which the pollen specific promoter sought to be used to activate said sense gene is 
expressed, a similar series of analysis can be carried out using as a probe for the expression of said pollen specific 
promoter a reporter gene joined to said promoter or the naturally occurring sense gene under the control of the pollen 
specific promoter found in the plant originally used for the Isolation of the sense gene. When the pollen specific promoter 
25 is Isolated from one plant and used in a different plant species the preferred method is the use of a reporter gene joined 
to said promoter to detennlne the exact developmental timing that that promoter fragment has In that particular plant 
species. 

[0120] It is also to be understood that the antisense DNA does not necessarily have to code for RNA that is compli- 
mentary to the entire mRNA chain encoded by the sense gene provided that the mRNA encoded by the antisense 
30 gene is otherwise capable of hybridizing with and blocking translation of the native mRNA species targeted for inacti- 
vatlon. Accordingly the term antisense DNA when used in disclosure claims herein encompasses a functional fragment 
thereof. 

A. Isolation of Genes that are Critical to Proper Development of Microspores 

35 

[0121] To isolate genes that are specifically expressed in developing microspores, a genomic library of plant DNA 
may be constructed from DNA isolated from fresh young leaf material according to standard methodology, described 
in Molecular Cloning, a Laboratory Manual (Maniatis, T Fritsch, E. R, and Sambrooks, J., Cold Spring Harbour Lab- 
oratory, Cold Spring Harbour, New Yort<, 1 982) and screened with probes derived from several tissues, one of which 
40 is made from microspore RNA. The other probes should be made from RNA from different tissues so as to represent 
genes expressed in tissues of the plant that would not be expected to include genes that are expressed in microspores. 
Examples of these would include but are not limited to such tissues as leaf, roots, seeds, stigma, stem and other plant 
organs. However, some genes will be expressed in all tissues. By surveying many plant tissues, it is possible to isolate 
genes expressed exclusively in microspores. 

[0122] The microspore RNA may be isolated from microspores that are at the early to late uninucleate stage. Though 
it is possible to use other microspore stages certain difficulties might be confronted. The use of premeiotic stage mi- 
crospores could prove to be problematic in many plant species since in some plants the callose wall has not formed 
yet and isolation of the immature microspores is technically difficult. Microspores that are isolated at the stages post 
nuclear division may have limited nuclear gene activity when compared to eariier stages. Therefore, the early to late 

so uninucleate stages are preferred. 

[0123] The microspores may be conveniently Isolated from the anthers by manual dissection of the buds from the 
growing plant and subsequent removal of the anthers. Microspores are isolated from the anthers by gentle grinding of 
the anthers in a mortar and pestle in the presence of a solution of 10% sucrose. The extract Is then filtered through a 
44 um nylon mesh and the microspores are collected from the filtrate by centrlfugatlon at 3000 x g for one minute. The 

55 pelleted microspores are resuspended in 10% sucrose, filtered and pelleted as before. Other methods of isolation can 
also be used to obtain microspores. 

[0124] Tissues other than microspores can be dismpted by a variety of methods and the disrupted tissue can be 
used for RNA extraction. It is convenient to disrupt the tissue by using a motor driven homogenizer with 10 mis of a 
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solution of 6M guanidinium-HCI, 0.1 M Na acetate, pH 6.0, 0.1 M beta-mercaptoethanol per gram of tissue. The ho- 
mogenate is centrrfuged at 5000 x g and the cleared supernatant is layered over a solution of 6M CsCl in Tris-EDTA 
buffer (TE buffer). Centrlfugation at 1 00.000 x g for 1 2 - 20 hours at 1 5*^ is used to pellet the RN A which is subsequently 
resuspended in water and reprecipitated in the presence of 0.3M Na acetate and 2 volumes of ethanol. RNA is recovered 

5 by centrifugation and resuspended In water. The RNA obtained from such method can be fractionated by oligo-d-T 
cellulose chromatography to separate the polyadenylated mRNA from the bulk of the non-polyadenylated RNA. The 
microspore RNA is conveniently isolated by using a tight fitting motor driven glass homogenizer to disojpt the micro- 
spores. The homogenization of the microspores, 1 ml of a solution of 6M guanidinium-HCI, 0.1 M Na acetate, pH 6.0, 
0.1 M beta-mercaptoethanol per 300 ul of packed microspores used as a RNA extraction buffer during the disruption 

10 of the microspores. The homogenate is centrif uged at 5000 x g and the cleared supernatant is layered over a solution 
of 6M CsCt in TE buffer. An overnight centrifugation at 100,000 x g is used to pellet the RNA which is subsequently 
resuspended in water and reprecipitated in the presence of 0.3M Na acetate and 2 volumes of ethanol. Other methods 
of RNA extraction can be used to obtain the RNA from the tissues described. Standard methodology using oligo-dT 
cellulose is used to obtain polyadenylated mRNA from these total RNA preparations. 

IS [0125] The mRNA is labelled for the purpose of detection. It is convenient to make radioactive cDNA by using said 
mRNA and AMV reverse transcriptase In the presence of random hexanucleotlde primers and alpha-p2p].(jcTP. 
Probes are used for hybridization to nitrocellulose plaque lifts of plates containing the clones of the genomic library. 
Clones that can be identified as strongly hybridizing only to microspore cDNA and not cDNA from any other tissue 
examined are chosen. These clones are plaque purified and grown for DNA isolation. Alternative techniques for ma- 

20 nipulating DNA and RNA as well as recombinant DNA, growing and isolating clones can be found in standard laboratory 
manuals, such as Molecular Cloning, A Laboratory Manual (Maniatis, T, Fritsch, E. R, and Sambrook, J. Cold Spring 
Harbour Laboratory, Cold Spring Harbour, NY, 1982). 

[01 26] In the case where the genomic DNA sequence of L 4 or L 1 9 from Brassica napus are used to carry out certain 
aspects of this invention, the preferred method to obtain ("isolate") a sense gene that is critical to pollen fomiation or 
^5 function is to synthetically produce a homologous DNA sequence according to standard methodology (see for example 
Gait, MJ. (1984) In Oligonucleotide synthesis, a practical approach Gait. M.J. ed., pp 1-22 IRL Press, Oxford, U.K.), 
label said sequence for the purpose of detection and use said labelled sequence to screen a Brassica napus genomic 
library produced according to the methods described. 

30 B. Construction of Antisense Genes 

[0127] The identity of the promoter and coding region of a given genomic clone is determined by restriction mapping 
and hybridization analysis. This may be accomplished by hybridization of cDNA probes made from microspore RNA 
with restriction fragments of said DNA clones immobilized on nitrocellulose. Restriction endonuclease fragments which 
35 contain both the coding region and the regions of DNA on either side of the coding region are isolated by sub-cloning 
in the appropriate vectors. Once isolated, it is convenient to use techniques such as SI mapping and DNA sequencing 
to obtain exact coding regions and restrictions sites within the subcloned DNA. This analysis is easily accomplished 
once the polarity with respect to gene transcription is known. 

[0128] In order to detemnine the polarity of transcription of the sense gene individual restriction fragments may be 
40 subcloned in commercially available vectors such as pGEM3, pGEM4, orpGEM3Z, pGEM4Z (available from Promega 
Biotech, Madison. Wl, U.S.A.). By using these vectors one is able to generate single stranded RNA probes which are 
complimentary to one or the other strands of the DNA duplex in a given subclone. These strand specific probes are 
hybridized to mRNA, in order to establish the polarity of transcription. Among these probes, one can isolate those 
probes which hybridize with and hence are complimentary to the mRNA. Using this information it is possible to clearly 
45 determine from what DNA strand of the double strand genomic DNA molecule the sense mRNA has been transcribed. 
[0129] In order to isolate promoter DNA sequences from the coding region, the pGEM series of vectors can be used 
for the unidirectional deletion of sequences from the individual subclones. Additionally, transcriptional start sites of 
promoter regions may be mapped. This may be conveniently accomplished by using a single stranded RNA probe 
transcribed from the individual subclones in hybridization-protection experiments. Detailed descriptions of these ex- 
50 perimental protocols can be found in a number of laboratory handbooks and in the manufacturer's technical notes 
supplied with the pGEM series of vectors. These experiments will cleariy establish the promoter and coding regions 
of the pollen specific genomte clones. 

[0130] The sequence of individual deletions in the pGEM vectors can be detennined by didoexy sequencing of plas- 
mid mini-preps as described in the manufacturer's technical notes. Deletion subclones that are deleted to very near 
55 the start of transcription or specific restriction fragments that encompass the promoter region or the promoter region 
and start of transcription are chosen for the construction of genes that are expressed only in developing microspores 
of pollen bearing plants. Usually the promoter fragment is inserted upstream of a temiinator such as the nos terminator 
found in pRAJ-221 (available from Clonetech Laboratories, Palo Alto CA) and specific restriction fragments which are 
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to be transcribed into antisense RNA are inserted between the promoter and terminator sequences. The entire construct 
is verified by combination of sequencing and restriction digests. The antisense gene thus constructed and verified may 
be inserted in T-DNA based vectors for plant cell transformation. T-DNA vectors that contain a selectable marker are 
prefen-ed. It Is to be understood that the antisense gene can be constructed in a variety of ways depending on the 

5 choice of vectors, restriction enzymes and the individual genes used. For example, it may be convenient as demon- 
strated by Example 1 , to insert restriction fragments intended to be transcribed into antisense RNA into a T-DNA based 
vector to which a promoter and temninator structure have been previously added. Alternatively, it is possible to insert 
a promoter fragment upstream of a coding region and temninator that has been previously added to a T-DNA based 
vector. In addition, It may be desirable in some crops not to insert the antisense gene into a T-DNA based vector but 

10 rather Into a vector suitable for direct DNA uptake. Promoters other than microspore specific promoters can be used 
and joined with specific restriction fragments of genes and terminators provided that these promoters function in mi- 
crospores. 

C. Transformation of Plant Cells 

15 

[0131] A number of published articles have dealt with the subject of plant transformation. Generally speaking, two 
types of methodology exist for transfonnation of plant cells: (1) use of an infectious agent such as Agrobacterium or 
viruses to deliver foreign DNA to plant cells, and (2) mechanical means such as naked DNA uptake or electroporation. 
In both cases, the desired result Is the uptake of foreign DNA into the plant celt and subsequent stable integration of 

20 the foreign DNA into the nuclear genetic component of the plant cell. In the ensuing examples, we describe a particular 
type of methodology that may be used to produce transfomned plants. However, it is to be understood that other methods 
can be used for the purpose of production of transformed plants containing antisense genes. These include but are 
not limited to: protoplast transfonnation, transformation of microspores, whole plant wounding with Agrobacterium 
followed by recovery of and regeneration from infected tissue, naked DNA uptake with Agrobacterium delivery systems 

25 and other methods such as electroporation. 

D. Regeneration of Plants from Transfonned Plant Cells 

[0132] After transformation of a plant cell, the plant cell Is allowed to grow and develop into a whole plant. Usually 
30 this takes place over a period of time during which time selection of the transformed plant cells is accomplished by the 
application of a selective pressure such as an antibiotic, drug or metabolites that are toxic to the plant cell. Resistance 
to the selective pressure is conferred on the plant cell by the presence of a resistance gene on the transfonnation 
vector thus allowing the transfonned plant cell to grow in the presence of the selective pressure. 
[0133] In some cases, adjustment of the growth regulating substances is required in order for the plant cell to differ- 
35 entiate into a mature plant. This may Involve a number of steps in which the transfonned plant cell is allowed to grow 
into an undifferentiated mass commonly referred to as a callus. This callus is then transferred to a medium which allows 
for the differentiation of said callus into organized plant structures and eventually mature plants. Altematively, some 
procedures may involve the differentiation of the transfonned plant cell directly into a structure such as a shoot which 
is then removed to media that allows for rooting and subsequent growth and flowering. For each individual plant species 
40 the choice of steps is detemriined experimentally. 

E. Testing for the Presence and Expression of Antisense and Marker Genes 

[0134] Plants which are regenerated from transformed plant cells are tested for the expression of the marker gene 
45 which is usually the gene that confers resistance to the selective agent. In the case of the commonly used gene neo- 
mycin phosphotransferase (NPT II) which confers resistance to kanamycin and the antibiotic G-418, gene expression 
is tested for by in vitro phosphorylation of kanamycin using techniques described in the available literature or by testing 
for the presence of the mRNA coding for the NPT II gene by northern blot analysis of RNA from the tissue of the 
transfomned plant. 

so [0135] Expression of the antisense gene is monitored using the same northern blot techniques. Single stranded RNA 
probes which are either homologous to sense or antisense RNA transcripts are used to detect said transcripts in 
developing microspores such that the expression of the sense and antisense gene may be ascertained. It is preferable 
to use agarose gel electrophoresis to separate transcripts from the sense and antisense genes according to size and 
to do so under denatu rating conditions. In the case where microspore specific gene expression of antisense genes is 

S5 sought to be accomplished it is advisable to test for the expression of antisense genes in microspores and tissues 
other than microspores such as leaves, roots, etc. so that tissue specific gene expression of antisense genes In mi- 
crospores can be verified. 

[0136] The presence of a stably integrated sense or antisense gene in the genetic component of the plant cell may 
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also be ascertained by using the so-called southern blot techniques. In this procedure, total cellular or nuclear DNA is 
isolated from the transfomned plant or plant cell and preferably restricted with a restriction enzyme that usually cuts 
the vector used for transfonnation at discreet sites, thereby giving rise to discreet fragments. These discreet vector 
fragments can be detected in the nuclear or total DNA of the transfomned plant or plant cells by employing standard 

5 gel electrophoresis and hybridization techniques. 

[0137] Fomiatlon of microspores in plants which contain the antisense genes is monitored first by visual and micro- 
scopic examination of the anther structures. As maturation of the flower structure occurs, anther f omnation Is expected 
to be delayed or completely inhibited such that no mature pollen grains are formed or released. 
[01 38] As the activity and hence effectiveness of any introduced recombinant DNA molecule is influenced by chance 

10 by the position of insertion of said molecule into the plant DNA the degree to which the inserted recombinant DNA may 
cause or render the plant sensitive to agents that cause reduced male fertility may vary from plant to plant. Accordingly, 
It will be necessary to select a plant which produces no functional pollen grains. 

F. Hybrid Seed Production 

15 

[01 39] Production of hybrid seed is accomplished by pollination of transfomied male sterile plants with pollen derived 
from selected male fertile plants. Pollination can be by any means, including but not limited to hand, wind or Insect 
pollination, or mechanical contact between the male fertile and male sterile plant. For production of hybrid seeds on a 
commercial scale in most plant species pollination by wind and by insect are prefen-ed methods of pollination. Selection 
20 of plants for pollen donation is determined by standard crossing of different plants with subsequent analysis of the 
progeny and selection of the lines with the best combining ability. Restoration of fertility in the hybrid seed is, where 
wan-anted, accomplished by using the methodology detailed In the specific examples. 
[01 40] The invention is illustrated but not limited by the following examples: 

25 Example 1 

[0141] This example relates to the isolation of a pollen specific promoter and a coding sequence (clone L 4) which 
is critical to pollen fonnatlon and expressed only in developing microspores. The promoter and coding sequence are 
isolated from, Brassica napus cv. Westar. The antisense DNA is placed under the control of the same polen specific 

30 promoter and used to transform plant cells derived from a plant of the species Brassica napus. 

[01 42] Two microspore specific genomic clones, L 4 and L 1 9, were isolated from a genomic library constructed from 
a plant of the species Brassica napus cv. Westar by screening said library with probes constructed from RNA isolated 
from microspores, leaves, seeds and stems according to the methods specified above. The microspores were isolated 
from flower buds that were 3 to 5 mm in length. 

35 [0143] Restriction maps of these two clones are shown in figure 1a and 1b. The 5' and 3' regions as well as the 
coding regions of these clones are shown and were determined by hybridization analysis according to the methods 
described above. The clone L 4 consists of two contiguous Eco Rl restriction fragments of 2.5 and 5.7 Kb. Clone L 19 
consists of a single 1 0.5 Kb Eco Rl fragment. Not all restriction sites are shown in Figures 1 a and 1 b, only those relevant 
to the individual constructs detailed below. 

40 [0144] The regions of the clones for which the nucleotide sequence has been determined are also Indicated in figures 
1 a and 1 b. These nucleotide sequences are shown in figures 2a and 2b, respectively. A DNA fragment that functions 
as a microspore specific promoter in transgenic plants was isolated from L 4 and consists of nucleotides 1 - 695 of the 
DNA sequence shown for L 4, in figure 2a. The ability of this DNA fragment to function as a microspore specific promoter 
in transgenic plants was determined by insertion of the entire 5.7 Kb Eco Rl DNA segment of clone L 4 into tobacco 

4S plants and analyzing different tissue for the expression of the coding region of clone L 4 under high stringency conditions 
that allow for the specific detection of expressed coding sequence of clone L 4. Under these conditions, mRNA tran- 
scribed from the L 4 inserted DNA was only detectable in early uninucleate microspores isolated from the transgenic 
tobacco, and not in any other tissue examined which included stems, leaves, flower petals, filaments, stigma and 
stamen, large mature anthers. This particular Inserted DNA segment contains the entire coding region of clone L 4 and 

50 230 bases of 5* promoter sequence. This length of DNA represents the minimal amount of promoter DNA sequence 
needed to retain microspore specific promoter activity in transgenic tobacco. Provision of additional 5' promoter se- 
quence does not alter the specif icity of this DNA in terms of its functioning as a pollen specific promoter, it only increases 
the levels of pollen specific expression. Therefore, in order to maximize the levels of tissue specific gene expression 
from this specific DNA sequence, additional upstream region of the 5* region of clone L 4 was included in the DNA 

55 constructions listed below. A DNA fragment containing additional 5' sequences of the promoter region contained in 
clone L 4 was Isolated as a Dde I fragment. This 1 .9 Kb fragment was isolated in the following fashion: The Eco Rl - 
Sst I fragment that encompasses the 5' region of the coding sequence and 235 nucleotides of the promoter were 
subcloned into the commercially available vector pGEM-4Z (sold by Promega Biotech Madison, Wl, U.S.A.) using the 
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Eco Rl and Sst I sites in the polyllnker region. The resultant plasmid was named pPAL 0402. pPAL 0402 was digested 
with Eco Rl and the 2.5 Kb Eco Rl fragment of clone L 4 was ligated into this site, creating a plasmid that reconstructed 
the 5' region of the genomic clone L 4. This plasmid was named pPAL 0403. pPAL 0403 was digested with Dde i and 
the 1 .9 Kb Dde I fragment that encompasses the promoter region of clone L 4 was isolated by gel elution, made blunt 

5 ended with Klenowfragment and subcloned Into the Xbal site of pG EM-4Z previously made flush with Klenow treatment. 
Two orientations were obtained, the one shown in figure 3 was chosen for further constructions and was named pPAL 
0408. This promoter fragment in pPAL 0408 contains the DNA sequences required for limiting the expression of any 
gene adjacent to the 3' end of this fragment solely to developing microspores. At the extreme 3' end of this fragment 
is the start of transcription site so that any DNA sequence placed at this end of the fragment will be transcribed and 

10 will contain a 69 (+ or -2 bp) untranslated leader sequence without any ATG initiation codon. A cassette transf onnation 
vector using this promoter fragment was constructed using the binary transf onnation vector BIN 1 9 (obtained from the 
Plant Breeding Institute and described in Bevan, M., 1984, Nucl. Acids Res. 12:8711-8721) and adding to BIN 19the 
nopaline synthase polyadenylation signal (nos ter) isolated as a Sst I - Eco Rl 260 bp restriction fragment from the 
plasmid pRAJ 221 (available from Clonetech Laboratories, Palo Alto, CA, USA) and inserting this nos ter fragment into 

15 the Sst I - Eco Rl restriction sites of BIN 1 9. The resultant plasmid vector was called PAL 1 001 . The promoter from 
pPAL 0408 was added to PAL 1001 by cutting pPAL 0408 with Sal I and Sst I and cloning this promoter-polylinker 
containing fragment in the vector PAL 1 001 using the Sal 1 and Sst I sites of PAL 1 001 . A binary transfonnation vector 
PAL 1107 was constructed. 

[0145J The details of the construction of PAL 1107 are shown in figure 3. This vector has (in a 5' to 3' order) the 

20 promoter from clone L 4, followed by a portion of the polyllnker from PGEM-4Z containing the following restriction sites: 
Bam HI , Sma I , Kpn I and Sst I followed then by the nos ter. This vector allows for the convenient insertion of DNA 
fragments for transcription under the control of the pollen specific promoter isolated from clone L 4. 
[0146] To this PAL 1107 vector was added a coding region fragment of done L 4 in the antlsense orientation by 
digesting pPAL 0402 with Bam HI and Hinc II and ligating this 1 .68 KG coding region restriction fragment to Bam HI - 

25 Sma 1 cut PAL 1 1 07. This construction was mobilized into Agrobacterium tumefaciens . The Agrobacterium strain GV 
31 01 carrying the Ti plasmid pMP 90 (Koncz. C. and Schell, J. 1 986, IVIol. Gen. Genet 204:383-396) to provide the v|r 
functions In trans was used as a recipient this binary vector (PAL 1107 containing the antisense restriction fragment) 
by delivery of the binary vector through tripartite mating and kanamycin selection on minimal media. Binary vectors 
allowed for the selection of transfomned plants by the virtue of carrying the NPT II (neomycin phosphotransferase) 

30 gene under the control of the nos promoter providing for resistance to kanamycin and G41 8 in transfonned plant cells. 
[01 47] Transfonnation of Brassica napus plants with this antisense gene was accomplished by cocultivation of thin 
epidennal layers from stems of Brassica napus, cv. Westar. The cocultivation was perfonned using surface sterilized 
stem epidemnal layer peels as follows. The upper three intemodes of the stem of plants that had fully developed bud 
clusters but whose buds had not yet opened (but were within 1-3 days of doing so) were surface sterilized by rinsing 

35 in 70% ethanol for 5 to 6 seconds followed by 2% sodium hypochlorate for 1 0 minutes and then three times In sterile 
distilled water. Segments were cultured for 1 day on modified MS media in which NH4NO3 was replaced with 60mM 
KNO3 and having in addition B5 vitamins with 40 mg per 1 . of FeEDTA as a source of iron, 0.5 mg per 1 - naphthalene 
acetic acid and 10 mg per 1 benzyl adenine with 3% sucrose and 0.8% agar, pH 5.8. This modified medium is hereinafter 
refen'ed to as EPL. All cultures were maintained under continuous light (approximately 70 uE per sq.m per sec). After 

40 this period of time, the explants were removed from the surface of the culture media and exposed to the Agrobacterium 
strain carrying PAL 1 1 07 into which the 1 .68 Kb BamHIl - Hinc III fragment of L 4 was inserted . This was done by using 
sterile forceps to place the explant in contact for a few moments with a confluent layer of bacteria that was growing on 
the surface of a petri plate. The bacteria were grown in minimal media containing kanamycin at 100 ugs. per ml. It is 
also possible to expose for a few seconds the epidemnal layers to the bacteria in liquid culture [liquid media such as 

45 LB-MG (Beringer, J.E., 1974, Jour, Gen. Microbiol. 84: 188-198) containing 100 ugs. per ml. kanamycin and 20 uM 
acetosyringone], with simitar results. The epidennal layers were blotted on sterile filter paper and placed on plates that 
contained EPL. These plates were covered with a layer of tobacco cells (the feeder layer) from a cell suspension of 
Nicotianadebneyi and overiayed with sterile filter paper upon which the epidermal layers were placed. After a maximum 
of three days of cocultivation with the Agrobacterium, the segments were transfen-ed to EPL media without a feeder 

50 layer or filter paper. This media contained in addition to the nonnat components, 100 ug per ml of kanamycin sulfate 
for selection of transfomned plant cells and 500 ug per ml of cefotaxamlne to kill the Agrobacterium bacteria. 
[0148] Shoots which were regenerated from the epidermal layers were subsequently tested for the activity of the 
NPT II enzyme. The shoots that tested positive forthe NPT 11 enzyme were rooted on B5 media containing 2% sucrose, 
0.8% agar and 0.5 mg per 1 . of both indole-3-acetic acid and - naphthalene acetic acid. After rooting, the plants were 

55 transferred to soil and placed in a misting chamber for 7 days. The plants were then transferred to a growth chamber 
where they were allowed to develop and flower. Southern blot analysis of DNA taken from these plants confinmed the 
presence of the antisense gene. 
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Example 2 

[0149] In this example we use the same promoter as in example 1 and a different pollen specific sense coding 
sequence (clone L 19) to construct the antisense gene and transfomi plant cells derived from a plant of the species 
5 Brassica napus. 

[0150] To the vector PAL 1107 wa added a 1.3 Kb Hind III restriction fragment containing coding sequence from 
clone L 1 9. This fragment was first made blunt by Klenow treatment and this blunt ended fragment was cloned into the 
unique Smal site of PAL 1 1 07. Clones containing this 1 .3 Kb Hind ill fragment in the antisense orientation were chosen 
and used for the transfonnation of Brassica napus stem epidermal layer peels as described above. 

10 

Example 3 

[0151] In this example, we transfonm tobacco which was previously transformed to hygromycin resistance with and 
antisense that blocks the hygromycin resistance gene under the control of a pollen specific promoter derived from 

15 Brassica napus (clone L 4). 

[0152] The 0.8 Kb Bam HI restriction endonuclease fragment encoding the hygromycin phosphotransferase gene 
(GriU and Davies, 1 983 Gene 25:1 79-1 85) was isolated from the plasmid pVUI Oil supplied by S. Scofield of the Plant 
Breeding Institute, Cambridge, U.K.. pVU 1011 Is BIN 19 Into which has been added a CaMV 35S promoter controlling 
the expression of the hygromycin phosphotransferase gene followed by the nos terminator. The 0.8 Kb Bam HI restric- 

20 tion endonuclease fragment was ligated Into the single Bam HI restriction endonuclease site in PAL 1 1 07 previously 
described In example 1. Clones containing the 0.8 kb hygromycin phosphotransferase gene fragment In PAL 1107 
were restriction mapped and one which contained said fragment In the antisense orientation was isolated and named 
PAL 1107HYGAS. 

[0153] This vector was used for the production of male sterile plants by transformation of a plant that had been 
25 previously transfomied to hygromycin resistance with a vector called pGUS-HYG. We now turn to the construction of 
pGUS-HYG. pGUS-HYG Is pVUIOII in which the NPT II gene (neomycin phosphotransferase gene) is Inactivated by 
insertion of a DNA fragment from pRAJ 221 into this NPT 11 gene. Since the intact pVUIOII vector confers hygromycin 
resistance In addition to kanamycin resistance we Inactivated the NPT II gene in order to produce a vector which 
confers only hygromycin resistance. To Insert a DNA fragment into the NPT II gene the pVU1011 plasmid was partially 
30 digested with Sph I restriction endonuclease. The cut pVU1 011 was made blunt ended by the use of Klenow fragment. 
The DNA fragment from pRAJ 221 , which contains the CaMV 35S promoter controlling the expression of the GUS 
(beta-glucuronldase) gene followed by the nos temiinator, was isolated by restricting pRAJ 221 with Hind III and Eco 
Rl restriction endonucleases and making this fragment blunt ended with Klenow fragment. Said fragment was then 
ligated to the partially digested blunt ended pVU1011. Clones containing the GUS gene in the middle of the NPT II 
35 gene in pVUIOII were identified by restriction endonuclease analysis. Such a clone confers resistance in the plant 
only to hygromycin and not to kanamycin or G41 8 by virtue of the fact that the NPT 1 1 gene is intermpted by the presence 
of the GUS gene. The inserted GUS gene provides a convenient expression marker for plant transfonmation. This done 
was named pGUS-HYG. 

[0154] We now turn to the transfonnation of tobacco leaf discs with the vectors pGUS-HYG and PAL 1107HYGAS. 

40 Both pGUS-HYG and PAL 1 107HYGAS were mobilized into Agrobacterium tumifaciens GV 31 01 containing pMP-90 
to provide vir functions in trans by tripartite mating and selection on minimal media. Leaf discs were excised from 
leaves which were medium green and less than 8 inches long and were surface sterilized by exposure to ethanol for 
5 to 8 seconds and subsequent exposure to a 1% solution of sodium hypochlorite for a few minutes or until the cut 
edge of the petiole turned white. Leaves were rinsed with sterile distilled water. Discs approximately 0.5 to 0.7 cm large 

45 were excised from the leaves with a sterile cork borer. The leaf discs were placed on media consisting of 0.8% agar, 
MS salts, B5 vitamins, 3% sucrose. 1 mg per 1 . of benzyl adenine and 0.1 mg per 1 . of - naphthalene acetic acid. Discs 
were placed upper epidermis side down on this media. Cultures were maintained on a 16 hour photoperiod at 25''C. 
After one day of culture, discs were removed and placed in a 10 ml overnight culture of Agrobacterium containing 
pGUS-HYG. The discs and bacteria were gently shaken for a few moments to insure bacterial contact with the leaf 

50 discs. The leaf discs were removed and blotted dry on sterile filter paper and placed on new media. This media contained 
cefotaxamine at 500 ugs. per ml., in addition to the ingredients of the first culture media, in order to kill the bacteria 
and also hygromycin at 50 ugs. per ml. for selection of transformed plant cells that carried the hygromycin phospho- 
transferase gene. Shoots were allowed to regenerate on this selective media from these explants. After 3 to 8 weeks 
coculture on selective media, shoots were large enough to be transfen-ed to rooting media. Plants were rooted on B5 

55 media that contained: 0.8% agar, 2% sucrose and 0.5 mg per ml. of both naphthalene acetic acid and indole acetic 
acid. After rooting, plants were transferred to soli and kept in a misting chamber for 7 days and subsequently transfen-ed 
to greenhouse growth facilities. Plants were fertilized weekly and watered daily until maturity. 
[0155] Transfonmed tobacco containing the sense hygromycin gene from pGUS-HYG was re-transfonned with PAL 
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1 1 07HYGAS using the leaf disc procedure described above. Retransf ormed plant cells were exposed to hygromycin 
at 50 ugs. per ml. and kanamycin at 300 ugs. per ml. to select for the presence of both the hygromycin phosphotrans- 
ferase gene from pGUS-HYG and the NPT II gene contained in PAL 1107HYGAS. Regenerated plants were obtained 
from said cells that were resistant to both antibiotics and were grown in the presence of 50 ugs. per ml. of hygromycin 
5 by rooting in one-tenth strength MS salts in 0.8% agar containing hygromycin. Optionally it is possible to do a double 
transformation using both PAL 1 1 07HYGAS and pGUS-HYG, by coculturing the plant exptants with both bacteria con- 
taining each vector and selecting for doubly transfomied cells using both kanamycin and hygromycin in the media. 

Example 4 

10 

[01 56] In this example we repeat the procedure used In example 3 with Brassica napus. 

[0157] The vectors described in example 3 were also used for the production of male sterile plants in Brassica napus. 
The vectors PAL 1 1 07 HYG AS and pGUS-HYG were used for transformation of thin stem epidermal layers of Brassica 
napus . cv. Westar stems. The cocultivation was performed using surface sterilized stem epidermal layer peels as 
15 described in example 1 . The vector pGUS-HYG was used for an initial transfonnation, then plants resistant to hygro- 
mycin were recovered. 

[0158] For the production of male sterile plants in the plasmid PAL 11 07 HYGAS was used to retransform Brassica 
napus stem epidermal peels from plants that had been previously transformed to hygromycin resistance using the 
hygromycin phosphotransferase gene in pGUS-HYG. 
20 [0159] Retransformed Brassica napus plant cells containing the sense hygromycin gene from pGUS-HYG and the 
antisense hygromycin gene in PAL 1107 HYGAS were exposed to hygromycin at 10 ugs. per ml. and kanamycin at 
1 00 ugs. per ml. to select for the presence of both the hygromycin phosphotransferase gene from pGUS-HYG and the 
NPT II gene contained in PAL 1107HYGAS. Regenerated plants were obtained from said cells that were resistant to 
both antibiotics. 

25 

Example 5 

[0180] In this example, we repeat the procedure used In example 3 with tomato. 

[0161 ] The vectors described in example 3 were used for the production of male sterile plants In tomato, Lycopersicon 

30 esculentum. The vectors PAL 1107HYGAS and pGUS-HYG were used. Each vector was used individually for trans- 
formation by first mobilizing the vector into Aqrobacterium tumefaciens LBA 4404 via triparental mating (Bevan, M.. 
1 984, Nucl. Acids Res. 1 2:871 1 -8721 ). Tomato plants resistant to hygromycin were first obtained by using pGUS-HYG 
to transfonn tomato leaf discs according to published procedures (Horsch et al, 1985 Science 227:1229-1231). Ac- 
cording to this method, leaves are surface sterilized by rinsing with 70% ethanol for a few moments followed by soaking 

35 in a solution of 1 % sodium hypochlorite for approximately 1 0 minutes or until the edge of the leaf bleaches and finally 
rinsing in sterile water. Discs are excised from the leaf with a sterile cork borer and incubated for one minute with gentle 
shaking in a solution of Aqrobacterium containing the transfonnation vectorgrown overnight in standard bacterial media 
(LB) at pH 5.6. The discs were blotted dry and placed on a feeder layer as described In example 1 that were present 
on a media containing MS based salts, 0.8% agar, 3 mg per ml. benzyladenine and 0.3 mg. per ml. indole-3-acetic 

40 acid for a period of three days. After this time, discs were transfen-ed to the same media without a feeder layer and 
containing in addition to the nonmal components, 500 ugs.. per ml. cefotaxamlne and 1 00 ugs. per ml. kanamycin for 
vectors containing kanamycin resistance as a selectable marker. For vectors which confer hygromycin resistance, 
kanamycin was omitted and 10 ugs. per ml. of hygromycin was used. Shoots which regenerated were transfen^ed to 
rooting media (B5 based salts, 0.5 mg./per 1 indole-3-acetic acid, and - napthalene acetic acid with 0.8% agar) and 

45 allowed to develop into mature plants. 

[0162] For the production of male sterile plants, PAL 1107HYGAS was used to re-transfomri leaf tissue taken from 
tomato plants that were previously transformed to hygromycin resistance using the hygromycin phosphotransferase 
gene in pGUS-HYG. Retransf omied tomato plant cells containing the sense hygromycin gene from pGUS-HYG and 
the antisense hygromycin gene from PAL 1107HYGAS were selected for with hygromycin at 10 ugs. per ml. and kan- 

50 amycin at 100 ugs. per ml. to select for the presence of both the hygromycin phosphotransferase gene from pGUS- 
HYG and NPT II gene contained in PAL 1107HYGAS. Plants were regenerated from said cells. 

Example 6 

55 [0163] In this example, we transfomi a plant of the species Brassica napus with a recombinant DNA molecule com- 
prising a ssquence coding for the Ricin A chain toxin and a pollen specific promoter derived from Brassica napus (clone 

L4). 

[0164] A published sequence of a Ricinus communis agglutinin gene (Roberts et al., JBG, 260:15682-15686) was 
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used to construct a ricin specific probe and isolate the ricin gene from a genomic library of Riclnus zanzlbarensis DNA. 
A DNA fragment coding for the mature A chain sequence (amino acid 2 through 262) was generated by exonuclease 
digestion of a 2.3 Icb Eco Rl restriction endonuclease fragment that contained the entire A chain coding sequence and 
a portion of the B chain of ricin subcloned as an EcoR] restriction endonuclease fragment in pGEM 4Z. The construction 

5 of the clone containing the A chain coding region is shown in figure 4. Deletion of the coding sequences of the B-chain 
ricin was done as follows. The subclone was cut with KpnJ restriction endonuclease and Sac I restriction endonuclease 
and unidirectionally digested with Exonuclease III. The digested plasmid was treated with S1 nuclease and Klenow 
fragment, religated in the presence of a universal translation temninator (purchased from Phannacia P-L Biochemicals, 
Dorval, Quebec, Canada) which has translation stop codons In all three reading frames. Deleted subclones were re- 

10 covered and individual subclones were sequenced. One such subclone was found to contain a deletion that encom* 
passed the Internal portion of the B chain upstream to the codon coding for amino acid 262 (proline) of the A chain in 
the published sequence. The sequence of the deletion end point, reading 5' to 3', is as follows: 



end universal 
codon terminator polyl inker 
5 • -CCG-GCTTAATTAATTAAGC-CGGGGATCCTTAG-3 • 

Bam HI site 



15 



20 



25 [0165] As Shown above, the polylinker contains a Bam HI restriction endonuclease site. We also detemnined that 
there was a Bam HI restriction site upstream from the mature A chain in this clone. This deletion subclone was digested 
with Bam HI restriction endonuclease. This Bam HI restriction endonuclease fragment which codes for the A chain of 
Ricin was subcloned Into Bam HI restriction endonuclease cut pGEM-3. The Inserted fragment was positioned so that 
the 5' end of the ricin A chain gene was next to the Xba I restriction endonuclease site in pGEM 3. This subclone was 

30 unidirectionally deleted with Exonuclease III following digestion of the clone with Psti and Sal I restriction endonucle- 
ases. Following digestion, the digested DNA was treated with SI nuclease and Klenow fragment, and was religated 
in the presence of a palindromic oligonucleotide linker (sequence being: 5' - CATCGGATCCGATG - 3') such that the 
entire deletion could be excised from the plasmid with Bam HI restriction endonuclease and contains an ATG initiation 
codon. Deletion subclones were picked and sequenced and one was chosen that was deleted to amino acid residue 

35 2 and had the sequence (reading from polylinker into the 5' end of the gene) 5-CCC GGG GAT CCG ATG TTG-3* 
whereas the ATG codon specifies an initiation codon in frame to the mature A chain sequence and was Introduced by 
the insertion of the palindromic oligonucleotide linker and the last three nucleotides of that sequence code for a phe- 
nylalanine amino acid residue that is the second residue in the mature A chain of ricin. This was deduced by comparison 
of the sequence with previously published reports of the sequence of ricin. This clone was named pPAL AC and con- 

40 tained the ricin A chain gene excisable as a Bam HI fragment. This Bam HI restriction endonuclease fragment was 
subsequently cloned into PAL 1107 by the use of the single Bam HI restriction endonuclease site of the polylinker of 
PAL 1 1 07. The 3' end of this A chain gene contained at Its 3' end the three frame translation tenninator such that only 
the A chain protein would be produced by this construct wherein the C temnlnal amino acids are: pro-ala-(stop). In 
between these newly created N-terminal and C-terminal amino acid residues was the mature ricin A chain amino acid 

45 sequence as coded for by the deleted ricin gene. Vectors with this recombinant rtcin gene in the opposite (antisense) 
orientation were also recovered (such vectors containing the antisense recombinant ricin gene are refen^ed to as PAL 
1107RICAS). Clones containing the recombinant ricin gene under control of the microspore specific promoter in PAL 
1107 and In the sense orientation were named PAL 1107RIC. 

[01 66] The PAL 1 1 07RICAS and PAL 11 07RIC were used to transform plants of the species Brassica napus according 
50 to the method described in example 1 . 

Example 7 

[01 67] In this example, we use the same procedure used In example 6, however, we use a truncated version of Ricin 
55 A chain gene. 

[0168] A truncated version of the ricin A chain gene of pPAL-AC was isolated by digesting pPAL-AC with Bam HI 
and Bq\ 11. This releases an A chain fragment containing a Bam HII site proceeding the ATG start, and the first 1 96 
amino acid codons of the mature A chain sequence. This fragment was cloned into the Bam HI site of PAL 1107 and 
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a clone containing the gene in the sense orientation was recovered. This clone (PAL 1107 containing the truncated A 
chain gene) was digested with Sma I. phosphorylated with alkaline phosphatase and religated in the presence of the 
universal translation terminator described in example 6. Clones containing this temninator inserted into the Sma I site 
were recovered and were named PAL 1107 AC. PAL 11 07 AC was used to transfomri Brassica napus stem epidermal 
5 layer peets as described in example 1 . 

Example 8 

[0169] In this example, we use the same procedure used in example 7 to transfonn tobacco. 
10 [0170] The vector PAL 1107AC was used to transfonn tobacco leaf discs as described in example 3. Transfonmed 
plants containing the truncated ricin A chain gene were recovered. 

Example 9 

IS [0171] In this example, we use the same procedure used in example 7, to transfonn tomato. 

[0172] The vector PAL 1 1 07AC was used to transfonn tomato leaf discs as described in example 5. 

Example 10 

20 [0173] In addition to the procedure used in tobacco in example 8, in this example, we construct an antisense coding 
sequence of the Ricin A chain gene and regulate its expression using the same pollen specific promoter. 
[0174] The vectors PAL 1107RIC and PAL 1107RICAS were used to produce male sterile and restoration lines in 
tobacco. Tobacco leaf discs were transfonmed with these two vectors using procedures outlined in example 3. Trans- 
formed regenerated plants containing the antisense and sense ricin A chain genes were recovered. 

25 

Example 1 1 

[0175] In this example, we repeat the procedure used in example 1 0 with tomato. 

[01 76] The vectors PAL 1 1 07RIC and PAL 1 1 07RiCAS were used to produce male sterile and restorer lines in tomato. 
30 Tomato leaf discs were transformed with these two vectors using procedures outlined in example 5. 

Example 12 

[0177] In this example, we inactivate a pollen specific gene derived from Bassica napus (clone L 1 9) using antisense 

35 DNA under the control of the CaM V 35S constitutive promoter. 

[0178] The use of antisense RNA to control fertility can also be accomplished by the use of a promoter that is func- 
tional in all tissues such that any gene placed under control of this promoter will be transcribed In all cells of the plant. 
In this example, the Cauliflower Mosaic Virus 35S promoter in the plasmid pRAJ 221 was used to produce antisense 
RNA by directing the transcription of the 1 .3 Kb Hind III restriction endonuclease fragment containing coding sequence 

40 from L 1 9 cloned in the antisense orientation to this promoter. This was accomplished by digesting pRAJ-221 with Hind 
Ml and Xba I and inserting this Callflower Mosaic Virus 355 promoter fragment into Hind III - Xba I cut PAL 1001 
described above. This produced a vector (PAL 1007) into which fragments can be conveniently cloned in the portion 
of the poiyllnker from BIN 1 9 located between the Cauliflower Mosaic Virus 35S promoter and the nos ter. Sma 1 was 
used to cut PAL 1007 and the 1.3 Kb Hind III fragment from clone L 19 was isolated, made blunt end by Klenow 

45 treatment and inserted into this Sma I site of PAL 1 007. Clones containing the fragment in the antisense orientation 
were chosen and used to transform Brassica napus thin stem epidermal layers of cv. Westar as outlined in example 1 . 

Example 13 

so [01 79] In this example, we inactivate a different pollen specific gene derived from Brassica napus (clone L 4) using 
antisense DNA under the control of CaMV 35S constitutive promoter. 

[0180] The use of antisense RNA to control fertility can be accomplished using a promoter functional in all tissues 
such as that described in example 1 2. The vector PAL 1 1 07 was cut with Bam HI and Sma 1. To this vector was added 
the 1.68 Kb Bam HI - Hinc 11 fragment of clone L 4. This vector (PAL 1311) carries the coding region of L 4 In the 
ss antisense orientation. PAL 1131 wa used to transfonn Brassica napus stem epidermal layer peels as described in 
example 1 . 
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Example 14 

[0181] In this example, we Inactivate a pollen specific gene derived from Brassica nagus (clone L 1 9) using antisense 
DNA under the control of the inducible heat shock promoter fragment of the Drosophila HSP 70 gene. 

5 [0182] The inducible heat shock promoter fragment of the Drosophila HSP 70 gene in pPW 229 (obtained from 
Meselson, M., Harvard University and described in Livak et al, 1 978 Proc. Natl. Acad. Sci. USA 76: 5613-5617) was 
isolated as a Hind III - Pst] restriction endonuclease fragment and cloned into Hind III - PstJ restriction endonuclease 
cut pGEM 42. The heat shock promoter fragment was excised as a Hind III - Smal fragment and cloned into Hind III 
• Sma I cut PAL 1001 . This produced a vector (PAL 1009) that contains a heat shock promoter followed by a portion 

10 of the polylinker and the nos ter The Sma I restriction endonuclease site in PAL 1 009 was used for the cloning of a 
1.3 Kb Hind III restriction endonuclease fragment containing coding sequence from L 19 following the making of this 
1.3 Kb fragment blunt end with Klenow fragment. The clone containing sequence in the antisense orientation was 
detemriined by restriction mapping. This vector was named PAL 1403. This vector was used for transfomiation of 
Brassica napus . following procedures detailed in example 1. 

15 

Example 15 

[0183] In this example, we inactivate the actin gene, a gene that is critical to cellular function and development in all 
metabolically competent cells. We use an antisense version of said actin gene under the control of a pollen specific 

20 promoter derived from Brassica napus (clone L 4). 

[0184] The use of a pollen specific promoter to direct the synthesis of antisense RNA causing male sterility was 
accomplished by inserting an actin gene in the antisense orientation under the control of the pollen specific promoter 
in PAL 1107 by using pSAc3, a soybean actin clone to provide an actin coding region. (pSAc3 was provided by R. 
Meagher) The coding region of actin was isolated as a Eco Rl-Taq I fragment made blunt ended and inserted into Sma 

25 I cut PAL 1 1 07. Clones containing the gene in the antisense orientation were chosen and named PAL 1 1 07ASac. This 
vector was used to transfomn Brassica napus stem epidenrtal layer peels using the method outlined In example 1 . 

Example 1 6 

30 [0185] In this example we use the same procedure used in example 1 5 with tomato. 

[01 86] PAL 1 1 07ASac was used to transfomi tomato leaf discs using the method of example 5. 

Example 17 

35 [0187] In this example, we use the same procedure used in example 1 5 with tobacco. 

[0188] PAL 1107Sac was used to transfomn tobacco leaf discs using the method described in example 3. 
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Claims 

1 . A recombinant DNA molecule comprising 

(a) a DNA sequence that codes for a cytotoxic molecule; and 

(b) a promoter capable of regulating transcription of said DNA sequence; 



wherein transfomiation of a plant cell of a pollen-producing plant species with said recombinant DNA mole- 
cule and generation of a plant from said transfomied plant cell yields a plant that is male sterile, in which plant 
production of functional pollen grains is blocked. 

50 2. A recombinant DNA molecule according to claim 1 wherein the promoter is that of a gene critical to pollen formation 
or function. 

3. A recombinant DNA molecule according to claim 1 wherein the promoter is capable of limiting the expression of 
said DNA sequence to pollen and/or microspore tissue. 



A recombinant DNA molecule according to claim 1 wherein said promoter is isolable from genomic DNA which 
hybridises preferentially with probes derived from microspore mRNA compared with probes derived from mRNA 
of a leaf, roots, seeds or stem. 
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5. A recombinant DNA molecule according to claim 1 wherein the promoter is a pollen-specific promoter. 

6. A recombinant DNA molecule according to any one of the preceding claims wherein said cytotoxic molecule is 
ricin or diphtheria toxin. 

7. A recombinant DNA molecule according to any one of claims 1 to 6 further comprising a temnlnator sequence 
which defines a termination signal during transcription of said DNA sequence. 

8. A recombinant DNA molecule comprising: 

(a) a DNA sequence, the transcription product of which is an antisense RNA that interferes with expression 
in a pollen producing plant species of a sense gene encoding a cytotoxic molecule; and 

(b) a promoter capable of causing transcription of the DNA sequence at about the time of transcription of said 
sense gene; and 

(c) a terminator sequence which defines a temnination signal during transcription of the DNA sequence. 

9. A recombinant DNA molecule comprising 

(a) a DNA sequence, the transcription product of which is an antisense RNA that interferes with expression 
of a sense gene in a pollen-producing plant species; and 

(b) a promoter capable of regulating transcription of said DNA sequence. 

wherein transfomnation of a plant cell of a pollen-producing plant species with said recombinant DNA molecule 
and generation of a plant from said transfomned plant cell yields a plant that, by virtue of said transformation, 

(i) is male-sterile, in which plant production of functional pollen grains is blocked, or 

(ii) can be rendered male sterile by action of a chemical agent or a physiological stress such that production 
of functional pollen grains by said plant is blocked. 

10. A recombinant DNA molecule according to claim 7 or claim 9 wherein said DNA sequence is linked to a gene 
which confers on said plant resistance to a chemical agent or physiological stress. 

1 1 . A recombinant DNA molecule according to claim 9 wherein the promoter is that of a gene critical to pollen formation 
or function. 

12. A recombinant DNA molecule according to claim 9 wherein the promoter is capable of limiting the expression of 
said DNA sequence to pollen and/or microspore tissue. 

13. A recombinant DNA molecule according to claim 9 or claim 11 wherein the promoter is Isolable from genomic DNA 
which hybridises preferentially with probes derived from microspore mRNA compared with probes derived from 
mRNA of leaf, roots, seeds or stem. 

14. A recombinant DNA molecule according to claim 9 wherein said promoter is a pollen specific promoter. 

15. A recombinant DNA molecule according to any one of claims 1 2 to 1 4 wherein said promoter causes said antisense 
RNA to be produced at levels which are about the same as or greater than the level at which the RNA encoded 
by the sense gene Is produced. 

1 6. A recombinant DNA molecule according to any one of claims 1 2 to 1 5 wherein said sense gene is critical to cellular 
function or development in said plant. 

17. A recombinant DNA molecule according to claim 16 wherein said sense gene encodes actin, tubulin or ubiquitln. 

1 8. A recombinant DNA molecule according to claim 9 wherein said sense gene Is critical to pollen formation or function. 
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19. A recombinant DNA molecule according to claim 18 wherein said promoter is the same as the promoter of the 
sense gene. 

20. A recombinant DNA molecule according to claim 1 8 or claim 1 9 wherein said sense gene is expressed exclusively 
5 in microspore tissue. 

21. A recombinant DNA molecule according to any one of claims 18 to 20 wherein said sense gene is expressed 
specifically in developing microspores. 

10 22. A recombinant DNA molecule according to claim 21 wherein said sense gene is expressed in early to late uninu- 
cleate microspores. 

23. A recombinant DNA molecule according to any one of claims 18 to 22 wherein said sense gene is isolable from 
genomic DNA which hybridises preferentially with probes derived from microspore mRNA compared with probes 

IS derived from mRNA of leaf, roots, seeds or stem. 

24. A recombinant DNA molecule according to any one of claims 18 to 23 wherein the promoter is the CaMV 36S 

promoter. 

20 25. A recombinant DNA molecule according to any one of claims 1 8 to 23 wherein the promoter is an inducible promoter. 

26. A recombinant DNA molecule according to any one of claims 1 8 to 23 wherein the promoter is that of a gene critical 
to pollen formation or function. 

25 27. A recombinant DNA molecule according to any one of claims 1 8 to 23 wherein the promoter is capable of limiting 
the expression of said DNA sequence to pollen and/or microspore tissue. 

28. A recombinant DNA molecule according to any one of claims 1 8 to 23 wherein the promoter is isolable from genomic 
DNA which hybridises preferentially with probes derived from microspore mRNA compared with probes derived 

30 from mRNA of leaf, roots, seeds or stem. 

29. A recombinant DNA molecule according to any one of claims 18 to 23 wherein said promoter is a pollen specific 

promoter, 

35 30. A recombinant DNA molecule according to any one of claims 11 to 15 wherein said sense gene confers on said 
plant resistance to a chemical agent or other physiological stress. 

31 . A recombinant DNA molecule according to claim 30 wherein said chemical agent or physiological stress is a her- 
bicide, antibiotic, pathogenic organism or toxic drug. 

40 

32. A recombinant DNA molecule according to claim 30 or claim 31 further comprising said sense gene. 

33. A recombinant DNA molecule according to any one of claims 30 to 32 wherein said sense gene confers on said 
plant resistance to the antibiotic hygromycln. 

45 

34. A recombinant DNA molecule according to any one of claims 9 to 33 further comprising a temntnator sequence 
which defines a termination signal during transcription of said DNA sequence. 

35. A recombinant DNA molecule according to any one of claims 11 to 34 wherein the promoter Is one which functions 
50 In said plant cell to cause transcription of said DNA sequence into RNA at about the time of transcription of said 

sense gene. 

36. A recombinant DNA molecule according to any one of the preceding claims wherein said pollen producing plant 
belongs to the family Cruciferae or to the family Solanaceae. 

55 

37. A recombinant DNA molecule according to any one of the preceding claims wherein said pollen producing plant 
belongs to the genus Brasslca. 
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38. A recombinant DNA molecule according to claim 37 wherein said pollen producing plant belongs to the species 
Brassica napus. 

39. A plant ceil of a pollen-producing plant species, the genome of said cell including a recombinant DNA molecule 
comprising 

(a) a DNA sequence that codes for a cytotoxic molecule; and 

(b) a promoter capable of regulating transcription of said DNA sequence; 

such that generation of a plant from said plant cell yields a plant that is male sterile, in which plant production 
of functional pollen grains Is blocked. 

40. A plant cell according to claim 39 wherein the promoter is that of a gene critical to pollen fomiation or function. 

41 . A plant cell according to claim 39 wherein the promoter is capable of limiting the expression of said DNA sequence 
to pollen and/or microspore tissue of said plant. 

42. A plant cell according to claim 39 wherein said promoter is isolable from genomic DNA which hybridises prefer- 
entially with probes derived from microspore mRNA compared with probes derived from mRNA of a leaf, roots, 
seeds or stem. 

43. A plant cell according to claim 39 wherein the promoter is a pollen-specific promoter. 

44. A plant cell according to any one of claims 39 to 43 wherein said cytotoxic molecule is ricin or diphtheria toxin. 

45. A plant cell according to any one of claims 39 to 44 wherein said recombinant DNA molecule further comprises a 
tenninator sequence which defines a temnlnatlon signal during transcription of said DNA sequence. 

46. A plant cell of a pollen producing plant species, the genome of said cell including a recombinant DNA molecule 
comprising: 

(a) a DNA sequence, the transcription product of which is an antisense RNA that interferes with expression 
in a pollen producing plant species of a sense gene encoding a cytotoxic molecule; and 

35 (b) a promoter capable of causing transcription of the DNA sequence at about the time of transcription of said 

sense gene; and 

(c) a tenninator sequence which defines a temnination signal during transcription of the DNA sequence. 

^0 47. A plant cell of a pollen producing plant species, the genome of said cell including a recombinant DNA molecule 
comprising 

(a) a DNA sequence, the transcription product of which is an antisense RNA that interferes with expression 
of a sense gene in the pollen-producing plant species; and 

45 

(b) a promoter capable of regulating transcription of said DNA sequence, 

such that generation of a plant from said plant cell yields a plant that, by virtue of said transformation, 

50 (i) is male-sterile, in which plant production of functional pollen grains is blocked, or 

(ii) can be rendered male sterile by action of a chemical agent or a physiological stress such that production 
of functional pollen grains by said plant is blocked. 

55 48. A plant cell according to claim 45 or claim 47 wherein said DNA sequence is linked to a gene which confers on 
said plant resistance to a chemical agent or physiological stress. 

49. A plant cell according to claim 48 wherein the promoter is that of a gene critical to pollen fonnation or function. 
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50. A plant cell according to claim 47 wherein the promoter Is capable of limiting the expression of said DNA sequence 
to pollen and/or microspore tissue. 

51 . A plant cell according to claim 47 or claim 49 wherein the promoter is Isolable from genomic DNA which hybridises 
5 preferentially with probes derived from microspore mRNA compared with probes derived from mRN A of leaf, roots, 

seeds or stem. 

52. A plant cell according to claim 47 wherein said promoter is a pollen specific promoter. 

10 53. A plant cell according to any one of claims 50 to 52 wherein said promoter causes said antisense RNA to be 
produced at levels which are about the same as or greater than the level at which the RNA encoded by the sense 
gene is produced. 

54. A plant cell according to any one of claims 50 to 53 wherein said sense gene Is critical to cellular function or 
IS development in said plant. 

55. A plant cell according to claim 54 wherein said sense gene encodes actin, tubulin or ubiquitin. 

56. A plant cell according to claim 47 wherein said sense gene is critical to pollen fomnatlon or function. 

20 

57. A plant cell according to claim 56 wherein said promoter Is the same as the promoter of the sense gene. 

58. A plant cell according to claim 56 or claim 57 wherein said sense gene is expressed exclusively in microspore tissue. 

25 59. A plant cell according to any one of claims 56 to 58 wherein said sense gene is expressed specifically in developing 
microspores. 

60. A plant cell according to claim 59 wherein said sense gene is expressed in early to late uninucleate microspores. 

30 61 . A plant cell according to any one of claims 56 to 60 wherein said sense gene is isolable from genomic DNA which 
hybridises preferentially with probes derived from microspore mRNA compared with probes derived from mRNA 
of leaf, roots, seeds or stem. 

62. A plant cell according to any one of claims 56 to 61 wherein the promoter Is the CaMV 35S promoter. 

35 

63. A plant cell according to any one of claims 56 to 61 wherein the promoter is an inducible promoter 

64. A plant celt according to any one of claims 56 to 61 wherein the promoter is that of a gene critical to pollen f omiation 
or function. 

40 

65. A plant cell according to any one of claims 56 to 61 wherein the promoter is capable of limiting the expression of 
said DNA sequence to pollen and/or microspore tissue. 

66. A plant cell according to any one of claims 56 to 61 wherein the promoter is isolable from genomic DNA which 
45 hybridises preferentially with probes derived from microspore mRNA compared with probes derived from mRNA 

of leaf, roots, seeds or stem. 

67. A plant cell according to any one of claims 56 to 61 wherein said promoter is a pollen specific promoter 

50 68. A plant cell according to any one of claims 49 to 53 wherein said sense gene confers on said plant resistance to 
a chemical agent or other physiological stress. 

69. A plant cell according to claim 68 wherein said chemical agent or physiological stress is a herbicide, antibiotic, 
pathogenic organism or toxic drug. 

55 

70. A plant cell according to claim 68 or claim 69 further comprising said sense gene. 

71. A plant cell according to any one of claims 68 to 70 wherein said sense gene confers on said plant resistance to 
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the antibiotic hygromycin. 

72. A plant cell according to any one of claims 47 to 71 wherein said recombinant DNA molecule further comprises a 
terminator sequence which defines a termination signal during transcription of said DNA sequence. 

5 

73. A plant cell according to any one of claims 49 to 72 wherein the promoter is one which functions in said plant celt 
to cause transcription of said DNA sequence into RNA at about the time of transcription of said sense gene. 

74. A plant cell according to any one of the claims 39 to 73 wherein said pollen producing plant belongs to the family 
10 Cruciferae or to the family Solanaceae. 

75. A plant cell according to any one of claims 39 to 74 wherein said pollen producing plant belongs to the genus 
Brassica. 

15 76. A plant cell according to claim 75 wherein said pollen producing plant belongs to the species Brassica napus. 

77. A plant of a pollen-producing species, the cells of which plant are in accordance with any one of claims 39 to 76. 

78. A method for the production of a male sterile plant of a pollen-producing plant species or of a plant of said species 
20 which plant candies a male sterile trait comprising regenerating a plant from a plant cell of any one of claims 39 to 

45 or 47 to 76. 

79. A method for the production of a male fertile restorer plant of a pollen producing plant-species comprising regen- 
erating a plant from a plant cell of claim 46. 

25 

80. A method for the production of hybrid seed comprising: 

(1 ) regenerating a plant from a plant cell of claim 39 and 

(2) effecting a hybrid cross between the plant as thereby produced and a plant whose cells are in accordance 
30 with claim 46, 

81. A method for the production of hybrid seed comprising: 

(1) regenerating a plant from a plant cell of claim 47; and 
35 (2) effecting a hybrid cross by pollinating a plant as thereby produced with pollen produced by a suitable male 

parent line. 

82. A plant according to claim 77, other than a "plant variety" within the meaning of Art 53(t) EPC. 

40 

PatentansprCiche 

1. Rekombinantes DNA-Molekul, umfassend 

45 (a) eine DNA-Sequenz, die fur ein cytotoxisches Molekul codiert; und 

(b) einen Promoter, der in der Lage ist. die Transkription dieser DNA-Sequenz zu regutieren; 

wobei die Transfonnation einer RIanzenzelle einer pollenproduzierenden RIanzenart mit diesem rekombtnanten 
DNA-Molekul und die Erzeugung einer Pflanze aus dertransformlerten Pflanzenzelle einemannlich sterile Pflanze 
50 liefert, in welcher die Produktion von funktionsfahigen Pollenkomern gehemmt ist. 

2. Rekombinantes DNA-Molekul nach Anspruch 1 , worin der Promoter der eines Gens ist, das fur die Pollenbildung 
Oder -funktion wesentlich ist. 

55 3. Rekombinantes DNA-Molekul nach Anspmch 1 , worin der Promoter in der Lage ist, die Expression dieser DNA- 
Sequenz auf Pollen- und/oder Mikrosporengewebe zu begrenzen. 

4. Rekombinantes DNA-Molekul nach Anspmch 1 , worin der Promoter aus genomischer DNA isolierbar ist, die eher 
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mit aus Mikrosporen-mRNA stammenden Sonden hybridislert ats mit Sonden, die aus Blatt-, Wurzel-, Samen- 
oder Stengel-mRNA stammen. 

5. Rekombinantes DNA-MolekQI nach Anspruch 1 , worin der Promotor ein pollen-spezlfischer Promoter ist. 

5 

6. Rekombinantes DNA-Molekiil nach einem der voranstehenden Anspruche, worin das cytotoxische Molekul RIcin 
Oder Diphtherietoxin ist. 

7. Rekombinantes DNA-Molekul nach einem der Anspruche 1 bis 6, welches weiterhin eine Temninator-Sequenz 
10 aufweist, die ein Terminations-Signal bei der Transkription der genannten DNA-Sequenz definiert. 

8. Rekombinantes DNA-MolekQI, umfassend: 

(a) eine DNA-Sequenz, deren Transkriptions-Produkt eine Antisense-RNA ist, die die Expression eines fur 
IS ein cytotoxisches Molekul codierenden Sense-Gens in einer pollenerzeugenden Pflanzenart behindert; und 

(b) einen Promotor, der in der Lage ist, die Transkription der DNA-Sequenz in etwa zeitgleich mit der Tran- 
skription des genannten Sense-Gens zu bewirken; und 

(c) eine Terminator-Sequenz, die ein Terminations-Signal bei der Transkription der DNA-Sequenz definiert. 
20 9. Rekombinantes DNA-Molekul, umfassend: 

(a) eine DNA-Sequenz, deren Transkriptions-Produkt eine Antisense-RNA ist, die die Expression eines Sense- 
Gens in einer pollenerzeugenden Pflanzenart behindert; und 

(b) einen Promotor, der in der Lage ist, die Transkription dieser DNA-Sequenz zu regulieren, 

25 

wobei die Transfomnation einer Pf lanzenzelle einer pollenproduzlerenden Pflanzenart mit diesem rekombinanten 
DNA-Molekiil und die Erzeugung einer Pflanze aus dieser transfomnierten Pflanzenzelle eine Pflanze liefert, die 
als Folge dieser Transfonnation 

30 (i) mannlich steril ist, wobei in dieser Pflanze die Produktlon von funktionsfahigen Pollenkomern gehemmt ist, 

Oder 

(ii) durch Einwirt<ung eines chemischen Agens Oder von physiologischem Stress mannlich sterii gemacht wer- 
den kann, derart, dass die Produktion von funktionsfahigen Pollenkornem durch diese Pflanze gehemmt Ist. 

35 10. Rekombinantes DNA-Molekul nach Anspruch 7 Oder Anspruch 9, worin die genannte DNA-Sequenz mit einem 
Gen vericnQpft 1st, das dieser RIanze Widerstandsfahigkeit gegen ein chemisches Agens Oder gegenuber physio- 
logischem Stress verieiht. 

11 . Rekombinantes DNA-Molekul nach Anspruch 9, worin der Promotor der eines Gens ist, das fur die Pollenbildung 
40 Oder -funktion wesentlich ist. 

12. Rekombinantes DNA-Molekul nach Anspruch 9, worin der Promotor in der Lage ist, die Expression der genannten 
DNA-Sequenz auf Pollen- und/oder Mikrosporengewebe zu beschranken. 

45 13. Rekombinantes DNA-Molekiil nach Anspruch 9 Oder Anspruch 11, worin der Promotor aus genomischer DNA 
Isoliert werden kann, die eher mit aus Mikrosporen-mRNA stammenden Sonden hybridislert als mit Sonden, die 
aus Blatt-, Wurzel-, Samen- Oder Stengel-mRNA stammen. 

14. Rekombinantes DNA-MolekOI nach Anspruch 9, worin der Promotor ein pollenspezifischer Promotor ist. 

50 

15. Rekombinantes DNA-Molekul nach einem der Anspriiche 12 bis 14, worin der Promotor bewirkt, dass die genannte 
Antisense-RNA in Mengen erzeugt wird, die etwa genauso gro3 Oder groBer sind ats die Mengen, in denen die 
durch das Sense-Gen codlerte RNA erzeugt wird. 

55 1 6. Rekombinantes DNA-Molekiil nach einem der Anspriiche 1 2 bis 1 5, worin das Sense-Gen f iir die zellulare Funktion 
Oder Entwicklung In dieser RIanze wesentlich ist. 

17. Rekombinantes DNA-MolekQl nach Anspruch 16, worin das genannte Sense-Gen fiir Actin, Tubulin Oder Ubiquitin 
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codiert. 

18. Rekombinantes DNA-Molekiil nach Anspruch 9, worin das genannte Sense-Gen fur die Pollenbildung Oder -funk- 
tion wesentlich 1st. 

5 

19. Rekombinantes DNA-Molekiil nach Anspruch 18, worin der genannte Promoter derselbe ist wie der Promoter des 
Sense-Gens. 

20. Rekombinantes DNA-Molekul nach Anspruch 18 Oder Anspruch 19, worin das Sense-Gen ausschlieOlich in Mi- 
10 krosporen-Gewebe exprimiert wird. 

21. Rekombinantes DNA-Molekul nach einem der Anspriiche 18 bis 20, worin das Sense-Gen spezifisch in sich bil- 
denden Mlkrosporen exprimiert wird. 

15 22. Rekombinantes DNA-Molekul nach Anspruch 21 , worin das Sense-Gen in frtihen bis spaten einkemigen Mlkro- 
sporen exprimiert wird. 

23. Rekombinantes DNA-Molekiil nach einem der Anspriiche 18 bis 22, worin das Sense-Gen aus genomischer DNA 
isolierbar ist, die eher mit aus Mikrosporen-mRNA stammenden Sonden hybridtsiert ais mit Sonden, die aus Blatt-, 

20 Wurzel-. Samen- oder Stengel-mRNA stammen. 

24. Rekombinantes DNA-Molekiil nach einem der Anspruche 1 8 bis 23, worin der Promoter der CaM V 35S-Promotor 

ist. 

25 . 25. Rekombinantes DNA-Molekiil nach einem der Anspruche 1 8 bis 23, worin der Promoter ein InduzlertDarer Promoter 
Ist. 

26. Rekombinantes DNA-Molekiil nach einem der Anspruche IB bis 23, worin der Promoter der eines Gens ist, das 
fOr die Pollenbildung Oder -funktlon wesentlich ist. 

30 

27. Rekombinantes DNA-Molekiil nach einem der Anspriiche 18 bis 23, worin der Promoter in der Lage Ist, die Ex- 
pression der genannte DNA-Sequenz auf Pollen- und/oder Mikrosporengewebe zu beschranken. 

28. Rekombinantes DNA-MolekQI nach einem der Anspriiche 18 bis 23, worin der Promoter aus genomischer DNA 
35 Isolierbar ist, die eher mit aus Mikrosporen-mRNA stammenden Sonden hybridisiert als mIt Sonden, die aus Blatt-, 

Wurzel-, Samen- oder Stengel-mRNA stammen. 

29. Rekombinantes DNA-Molekul nach einem der Anspriiche 18 bis 23, worin der Promoter ein pollenspezifischer 
Promoter Ist. 

40 

30. Rekombinantes DNA-Molekiil nach einem der Anspriiche 11 bis 15, worin das Sense-Gen der Pflanze Resistenz 
gegeniiber einem chemischen Agens oder anderem physiologischem Stress verieiht. 

31 . Rekombinantes DNA-Molekiil nach Anspruch 30, worin das chemische Agens oder der physiotogische Stress ein 
45 HertDizid, ein Antibiotikum, ein pathogener Organismus oder ein toxisches Mittel ist. 

32. Rekombinantes DNA-Molekiil nach Anspruch 30 oder Anspruch 31 , welches weiterhin das genannte Sense-Gen 
enthalt. 

50 33. Rekombinantes DNA-Molekiil nach einem der Anspriiche 30 bis 32, worin das Sense-Gen der Pflanze Resistenz 
gegenuber dem Antibiotikum Hygromycin verieiht. 

34. Rekombinantes DNA-Molekiil nach einem der Anspriiche 9 bis 33, welches welteriiin eine Temilnator-Sequenz 
enthSIt, die ein Temriinations-Signal bei derXranskription dieser DNA-Sequenz definiert. 

55 

35. Rekombinantes DNA-Molekiil nach einem der Anspriiche 11 bis 34, worin der Promoter ein solcher Ist, der In der 
Pflanzenzelle bewirkt, dass die Transkription der genannten DNA-Sequenz in RNA In etwa zeitgleich mit der Tran- 
skriptlon des Sense-Gens ertolgt. 
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36. Rekomblnantes DNA-Molekul nach einem der voranstehenden Anspruche, worin die pollenproduzlerende RIanze 
zur Famine Crucifereae Oder zur Famille Solanaceae gehort. 

37. Rel<ombinantes DNA-Molekul nach einem der voranstehenden AnspriSchep worin die pollenproduzierende Pflanze 
5 zur Gattung Brassica gehort. 

38. Rekombinantes DNA-Moiekut nach Anspruch 37. worin die pollenproduzierende Pflanze zur Art Brassica napus 
gehort. 

10 39. Pf lanzenzelle einer poilenproduzierenden Pflanzenart, deren Genom ein rekomblnantes DNA-Molekul elnsch!ie(5t, 
welches 

(a) eine DNA-Sequenz, die fiir ein cytotoxisches Molekiil codiert, und 

(b) einen Promotor, der in der Lage ist, die Transkription dieser DNA-Sequenz zu regulieren, 

15 

umfaBt, derart, dass die Erzeugung einer Pflanze aus dieser Rlanzenzelle eine mannlich sterile Pflanze liefert, in 
welcher die Produktion von funktionsfgihigen Pollenkornem gehemmt ist. 

40. Pflanzenzelle nach Anspruch 39, worin der Promotor der eines Gens ist, das fiir die Pollenbildung oder -funktion 
20 wesentttoh ist. 

41 . Pflanzenzelle nach Anspruch 39, worin der Promotor in der Lage ist, die Expression der genannten DNA-Sequenz 
auf Pollen- und/oder Mikrosporengewebe dieser Pflanze zu begrenzen. 

25 42. Pflanzenzelle nach Anspruch 39, worin der Promotor aus genomischer DNA isoliertaar ist, die eher mit aus Mikro- 
sporen-mRNA stammenden Sonden hybridisiert als mit Sonden, die aus Blatt-, Wurzel-, Samen- oder Stengel- 
mRNA stammen. 

43. Pflanzenzelle nach Anspruch 39, worin der Promotor ein pollen-spezifischer Promotor ist. 

30 

44. Pflanzenzelle nach einem der Anspriiche 39 bis 43, worin das cytotoxische Molekiil RIcin oder Diphtherietoxin ist. 

45. Pflanzenzelle nach einem der Anspriiche 39 bis 44, worin das rekombinante DNA-Molekul weiterhin eine Temil- 
nator-Sequenz aufwelst, die ein Temriinations-Signal bei der Transkription der genannten DNA-Sequenz definiert. 

35 

46. Pflanzenzelle einer poilenproduzierenden Pflanzenart, deren Genom ein rekombinantes DNA-Molekul einschlleBt, 
welches 

(a) eine DNA-Sequenz. deren Transkriptions-Produkt eine Antisense-RNA ist, die die Expression eines fur 
40 ein cytotoxisches Molekiil codierenden Sense-Gens in einer pollenerzeugenden Pflanzenart behindert; und 

(b) einen Promotor, der in der Lage ist, die Transkription der DNA-Sequenz in etwa zeitgleich mit der Tran- 
skription des genannten Sense-Gens zu bewirken; und 

(c) eine Temninator-Sequenz, die ein Tenminations-Signal bei der Transkription der DNA-Sequenz definiert, 
45 umfaBt. 

47. Pflanzenzelle einer poilenproduzierenden Pflanzenart, deren Genom ein rekombinantes DNA-Molekul einschlie3t, 
welches 

so (a) eine DNA-Sequenz, deren Transkriptions-Produkt eine Antlsense-RNA ist, die die Expression eines Sense- 

Gens in der pollenerzeugenden Pflanzenart behindert; und 

(b) einen Promotor, der in der Lage ist, die Transkription dieser DNA-Sequenz zu regulieren, 

umfaBt, derart, dass die Erzeugung einer Pflanze aus dieser Pflanzenzelle eine Pflanze liefert, die als Folge dieser 
55 Transformation 

(i) mannlich steril ist, wobei in der Pflanze die Produktion von f unktionsfahigen Pollenkornem gehemmt ist, oder 

(ii) durch Einwirkung eines chemischen Agens oder von physiologischem Stress mannlich steril gemacht wer- 
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den kann, derart, dass die Produktion von funkllonsf§hlgen Pollenkornem durch diese Pflanze gehemmt ist. 

48. RIanzenzelle nach Anspruch 45 Oder Anspruch 47, worin die genannte DNA-Sequenz mit einem Gen verkniipft 
ist, das dieser Pflanze Widerstandsfahlgkeltgegen ein chemisches Agens odergegenuberphyslologischem Stress 

5 verleiht. 

49. Pflanzenzelle nach Anspruch 48, worin der Promoter der eines Gens ist, das fur die Pollenbildung oder -funklion 

wesentlich ist. 

10 50. Pflanzenzelle nach Anspruch 47, worin der Promoter in der Lage ist, die Expression der genannten DNA-Sequenz 
auf Pollen- und/oder Mikrosporengewebe zu beschranken. 

51. Pflanzenzelle nach Anspruch 47 oder Anspruch 49, worin der Promotor aus genomischer DNA Isollert werden 
kann, die eher mit aus Mikrosporen-mRNA stammenden Sonden hybridisiert als mit Sonden, die aus Blatt-. Wur- 

15 zel-, Samen- oder Stengel-mRNA stammen. 

52. RIanzenzelle nach Anspruch 47, worin der Promotor ein pollenspezlfischer Promotor ist. 

53. Pflanzenzelle nach einem der Anspnuche 50 bis 52, worin der Promotor bewirkt, dass die genannte Antlsense- 
20 RNA in Mengen erzeugt wird, die etwa genauso groB oder groBer sind als die Mengen, in denen die durch das 

Sense-Gen codierte RNA erzeugt wird. 

54. Pflanzenzelle nach einem der Anspruche 50 bis S3, worin das Sense-Gen fur die zellulare Funkllon oder Entwick- 
lung in dieser Pflanze wesentlich ist. 

25 

55. Pflanzenzelle nach Anspruch 54, worin das genannte Sense-Gen fur Actin, Tubulin oder Ubiquitin codiert. 

56. Pflanzenzelle nach Anspruch 47, worin das genannte Sense-Gen fur die Pollenbildung oder -funktion wesentlich 
Ist. 

30 

57. Pflanzenzelle nach Anspruch 56, worin der genannte Promotor derselbe ist wie der Promotor des Sense-Gens. 

58. Pflanzenzelle nach Anspruch 56 oder Anspruch 57, worin das Sense-Gen ausschlleBlich in Mikrosporen-Gewebe 
exprimiert wird. 

35 

59. Pflanzenzelle nach einem der Anspruche 56 bis 58, worin das Sense-Gen speztfisch in sich bildenden Mikrosporen 
exprimiert wird. 

60. Pflanzenzelle nach Anspruch 59, worin das Sense-Gen in fruhen bis spaten einkemigen Mikrosporen exprimiert 
40 wird. 

61. Pflanzenzelle nach einem der Anspruche 56 bis 60, worin das Sense-Gen aus genomischer DNA isoliertsar ist, 
die eher mit aus Mikrosporen-mRNA stammenden Sonden hybridisiert als mit Sonden, die aus Blatt-, Wurzel-, 
Samen- oder Stengel-mRNA stammen. 

45 

62. Pflanzenzelle nach einem der Anspruche 56 bis 61 , worin der Promotor der CaMV 35S-Promotor ist. 

63. Pflanzenzelle nach einem der Anspruche 56 bis 61 , worin der Promotor ein induziert^arer Promotor ist. 

50 64. Pflanzenzelle nach einem der Anspruche 56 bis 61 , worin der Promotor der eines Gens ist, das fur die Pollenbildung 
Oder -funktion wesentlteh ist. 

65. Pflanzenzelle nach einem der Anspruche 56 bis 61 , worin der Promotor in der Lage Ist, die Expression der genannte 
DNA-Sequenz auf Pollen- und/oder Mikrosporengewebe zu beschranken. 

55 

66. Pflanzenzelle nach einem der Anspriiche 56 bis 61 , worin der Promotor aus genomischer DNA isollertDar ist, die 
eher mit aus Mikrosporen-mRNA stammenden Sonden hybridisiert als mit Sonden, die aus Blatt-, Wurzel-, Samen- 
oder Stengel-mRNA stammen. 
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67. Pflanzenzelle nach einem der Anspriiche 56 bis 61 . worin der Promotor ein pollenspezifischer Promotor ist. 

68. Pflanzenzelle nach einem der Anspriiche 49 bis 53, worin das Sense-Gen der Pflanze Resistenz gegeniiber einem 
chemischen Agens oder anderem physiologlschem Stress verieiht. 

5 

69. Pflanzenzelle nach Anspruch 68, worIn das chemische Agens oder der physlologische Stress ein Herbizid, ein 
Antibiotikum, ein pathogener Organismus oder ein toxisches Mittel ist. 

70. Pflanzenzelle nach Anspruch 68 Oder Anspruch 69, welche weiterhin das genannte Sense-Gen enthalt. 

10 

71 . Pflanzenzelle nach einem der Anspriiche 68 bis 70, worin das Sense-Gen der Pflanze Resistenz gegenuber dem 
Antibiotikum Hygromycin verieiht. 

72. Pflanzenzelle nach einem der Anspriiche 47 bis 71. worin das genannte rekombinante DNA-Molekiil weiterhin 
15 eine Terminator-Sequenz enthalt, die ein Tenninations-Signal bei der Transkription dieser DN A-Sequenz definiert. 

73. Pflanzenzelle nach einem der Anspriiche 49 bis 72, worin der Promotor ein solcher ist, der in der Pflanzenzelle 
bewirkt. dass die Transkription der genannten DNA-Sequenz in RNA in etwa zeitgleich mit der Transkription des 
Sense-Gens erfotgt. 

20 

74. Pflanzenzelle nach einem der Anspriiche 39 bis 73, worin die pollenproduzierende Pflanze zur Famille Crucif ereae 
Oder zur Famille Solanaceae gehdrt. 

75. Pflanzenzelle nach einem der Anspruche 39 bis 74, worin die pollenproduzierende Pflanze zur Gattung Brassica 
25 gehort. 

76. Pflanzenzelle nach Anspruch 75, worin die pollenproduzierende Pflanze zur Art Brassica napus gehdrt. 

77. Pflanze einer pollenproduzierenden Art, deren Zellen solche eines der Anspriiche 39 bis 76 sind. 

30 

78. Veriahren zum Erzeugen einer mannlich sterilen Pflanze einer pollenproduzierenden Pflanzenart oder einer Pflan- 
ze dieser Art, die ein mannlich steriles Mericmal tragt, umfassend das Regenerieren einer Pflanze aus einer Pflan- 
zenzelle gemaQ einem der Anspriiche 39 bis 45 oder 47 bis 76. 

35 79. Verfahrenzum Erzeugen einer mannlich fertilen Erneuerungspflanze einer pollenproduzierenden Pflanzenart, um- 
fassend das Regenerieren einer Pflanze aus einer Pflanzenzelle gemaB Anspmch 46. 

80. Verfahren zum Herstellen von Hybrid-Saatgut, umfassend: 

40 (1) das Regenerieren einer Pflanze aus einer Rlanzenzelle gemaB Anspruch 39 und 

(2) das Bewirken einer Hybrid-Kreuzung zwischen der dadurch erzeugten Pflanze und einer Pflanze, deren 
Zellen solche gemaB Anspruch 46 sind. 

81. Verfahrenzum Herstellen von Hybrid-Saatgut, umfassend: 

45 

(1) das Regenerieren einer Pflanze aus einer Rlanzenzelle gemaS Anspruch 47 und 

(2) das Bewirken einer Hybrid-Kreuzung durch Bestaubung einer dadurch erzeugten Pflanze mit Pollen, die 
von einer geetgneten m§nnlichen Eltemlinie produziert wurden. 

50 82. Pflanze nach Anspruch 77, bei der es sich nicht urn eine "Pflanzensorte" im Sinne des Art. 53(2) EPU handelt. 



Revendications 

55 1 . Molecule d'ADN recombinant comprenant 

(a) une sequence d'ADN qui code pour une mol^ule cytotoxique ; et 

(b) un promoteur capable de r^guler la transcription de ladite sequence d'ADN ; 
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dans laquelle la transformation d'une cellule v6g6tale d'une esp6ce v6g6tale productrlce de pollen avec 
ladite molecule d'ADN recombinant at la production d'une plante k partir de ladite cellule vegetale transformee 
donnent une plante qui est dou6e de st6rilit6 m§le. plante dans laquelle la production de grains de pollen fonc- 
tionnels est bloqu6e. 

5 

2. Molecule tfADN recombinant suivant la revendication 1 . dans laquelle le promoteur est celui d'un g&ne d^tenmlnant 
pour ia fomiation ou la fonction du pollen. 

3. Mol6cule d'ADN recombinant suivant la revendication 1 , dans laquelle le promoteur est capable de limiter I'ex- 
10 pression de ladite sequence d'ADN en tissu de pollen et/ou microspores. 

4. Mol6cule d'ADN recombinant suivant la revendication 1, dans laquelle le promoteur peut etre isole d'un ADN 
gdnomique qui s'hybride pr6ferentiellement avec des sondes d6riv6es d'ARNm de microspores comparativement 
k des sondes d6riv6es d'ARNm de feullles, de raclnes, de semences ou de tiges. 

15 

5. Mol^ule d'ADN recombinant suivant la revendication 1 , dans laquelle le promoteur est un promoteur sp^cifique 
du pollen. 

6. Molecule d'ADN recombinant suivant I'une quelconque des revendications pr^cedentes, dans laquelle la molecule 
20 cytotoxique est la rlcine ou la toxine diphterique. 

7. Mot§cule d'ADN recombinant suivant I'une quelconque des revendications 1 k 6, comprenant en outre une s6- 
quence de terminateur qui d6finrt un signal de temninaison au cours de la transcription de ladite sequence d'ADN. 

25 8. Molecule d'ADN recombinant comprenant : 

une sequence d'ADN, dont le produit de transcription est un ARN anti-sens qui Interfere avec I'expression 
dans une esp6ce v6g6tale productrlce de pollen d'un g^ne signifiant codant pour une moi^ule cytotoxique ; et 

(b) un promoteur capable de provoquer la transcription de la s6quence d'ADN approximativement au moment 
30 de la transcription dudit gene signifiant ; et 

(c) une sequence de terminateur qui d^finit un signal de tenmlnalson au cours de la transcription de la sequence 
d'ADN. 

9. Mol^ule d'ADN recombinant comprenant 

35 

(a) une sequence d'ADN, dont le produit de transcription est un ARN anti-sens qui interfere avec I'expression 

d'un gdne signifiant dans une esp^ce v6g6tale productrice de pollen ; et 

(b) un promoteur capable de r^guler la transcription de ladite sequence d'ADN, 

40 dans laquelle la transformation d'une cellule vegetale d'une espece vegetale productrice de pollen avec 

ladite molecule d'ADN recombinant et la production d'une plante k partir de ladite cellule v^g^tale transformee 
donnent une plante qui» en raison de ladite transfomnatlon, 

(i) est dou6e de stdrilitd mSle, plante dans laquelle la production de grains de pollen fonctionnels est bloqude, 
45 ou 

(11) peut dtre rendue dou6e de sterility mdie sous Taction d'un agent chimique ou d'un stress physiologique de 
telle sorte que la production de grains de pollen fonctionnels par ladite plante soit bloquee. 

10. Molecule d'ADN recombinant suivant la revendication 7 ou la revendication 9, dans laquelle la sequence d'ADN 
so est liie k un gdne qui confdre k ladite plante une resistance k un agent chimique ou k un stress physiologique. 

1 1 . Molecule d'ADN recombinant suivant la revendication 9. dans laquelle le promoteur est celui d'un g6ne determinant 
pour la fomiation ou la fonction du pollen. 

55 12. Molecule d'ADN recombinant suivant la revendication 9, dans laquelle le promoteur est capable de limiter I'ex- 
pression de la sequence d'ADN en tissus de pollen et/ou de microspores. 

13. Molecule d'ADN recombinant suivant la revendication 9 ou la revendication 11 . dans laquelle le promoteur peut 
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§tre isol6 d'un ADN genomique qui s'hybride pr6f6rentiellement avec des sondes deriv6es de rARNm de micros- 
pores comparativement d des sondes derlvees d'ARNm de feuilles. de racines, de semences ou de tiges. 

14. Molecule d'ADN recombinant suivant ta revendication 9, dans taquelte te promoteur est un promoteur specif ique 
5 du pollen. 

15. Mol6cule d'ADN recombinant suivant Tune quelconque des revendications 12 k 14. dans laquelle le promoteur 
provoque la production de TARN anti-sens en des teneurs qui sont approximativement identiques ou superieures 
k la teneur k laquelle TARN cod6 par le g^ne signifiant est produit. 

10 

16. Molecule d'ADN recombinant suivant I'une quelconque des revendications 1 2 & 15, dans laquelle le g^ne signifiant 
est ddtenrninant pour ta fonction ou le d^vetoppement cetlulaire dans la ptante. 

17. Molecule d'ADN recombinant suivant la revendication 16, dans laquelle le gdne signifiant code pour I'actine. la 
15 tubuline ou Tubiquitine. 

18. Molecule d'ADN recombinant suivant la revendication 9, dans laquelle le g6ne signifiant est d6temninant pour la 

fomriation ou la fonction du pollen. 

20 19. Molecule d'ADN recombinant suivant la revendication 18, dans laquelle le promoteur est identique au promoteur 
du gkne signifiant. 

20. Molecule d'ADN recombinant suivant la revendication 18 ou la revendication 19, dans laquelle le gene signifiant 
est exprim6 exclusivement dans le tissu de microspores. 

25 

21 . Molecule d'ADN recombinant suivant I'une quelconque des revendications 1 8 a 20, dans laquelle le g6ne signifiant 
est exprlmd sp6ciftquement dans des microspores en d^veloppement. 

22. Mol6cule d'ADN recombinant suivant la revendication 21, dans laquelle le g6ne signifiant est exprim6 dans des 
30 microspores uninuct^es pr^coces k tardives. 

23. Molecule d'ADN recombinant suivant I'une quelconque des revendications 1 8 & 22, dans laquelle le g6ne signifiant 
peut §tre lsol6 d'un ADN g6nomique qui s'hybride pr6f6rentiellement avec des sondes d6riv6es d'ARNm de mi- 
crospores, comparativement k des sondes ddriv^es d'ARNm des feuilles, des racines, des semences ou des tiges. 

35 

24. Molecule d'ADN recombinant suivant I'une quelconque des revendications 16 ^ 23, dans laquelle le promoteur 
est le promoteur 35S du CaMV. 

25. Molecule d'ADN recombinant suivant i'une quelconque des revendications 18 ^ 23, dans laquelle le promoteur 
^0 est un promoteur inductlble. 

26. Molecule d'ADN recombinant suivant Tune quelconque des revendications 18 d 23, dans laquelle le promoteur 
est celut d'un gene detemiinant pour la fonnation ou la fonction du pollen. 

45 27, Molecule d'ADN recombinant suivant I'une quelconque des revendications 18 ^ 23, dans laquelle le promoteur 
est capable de llmiter I'expression de la sequence d'ADN au tissu du pollen et/ou des microspores. 

26. Molecule d'ADN recombinant suivant I'une quelconque des revendications 18 d 23, dans laquelle le promoteur 
peut &tre isol6 d'un ADN g6nomique qui s'hybride pr6f6rentiellement avec des sondes d6riv6es d'ARNm de mi- 
50 crospores, comparativement k des sondes d6riv6es d'ARNm des feuilles, des racines, des semences ou des tiges. 

29. Molecule d'ADN recombinant suivant I'une quelconque des revendications 18 a 23, dans laquelle le promoteur 
est un promoteur specifique du pollen. 

55 30. Molecule d'ADN recombinant suivant I'une quelconque des revendications 11^15, dans laquelle le gene signifiant 
conf&re k la plante une resistance k un agent chimique ou k un autre stress phystologique. 

31 . Mol^ule d'ADN recombinant suivant la revendication 30, dans laquelle I'agent chimique ou le stress physiologique 



39 



EP0329 308B1 

est un herbicide, un antibiotique. un organisme pathogene ou un medicament toxique. 

32. Molecule d'ADN recombinant suivant ta revendlcation 30 ou la revendication 31 , comprenant en outre le gene 
signiflant. 

5 

33. Molecule d'ADN recombinant suivant I'une queiconque des revendications 30 k 32. dans laquelle le g^ne signif iant 
conf^re k la plante une resistance k I'antibiotique hygromycine. 

34. Molecule d'ADN recombinant suivant Tune queiconque des revendications 9 k 33, comprenant en outre une se- 
10 quence de temiinateur qui d^finit un signal de temninaison au cours de la transcription de la sequence d'ADN. 

35. Mol6cule d'ADN recombinant suivant I'une queiconque des revendications 11 & 34, dans laquelle le promoteurest 
un promoteur qui agit dans la cellule v^gdtale en provoquant la transcription de la sequence d'ADN en ARN ap- 
proximativement au moment de la transcription du g^ne signifiant. 

15 

36. Molecule d'ADN recombinant suivant Tune queiconque des revendications precedentes, dans laquelle la plante 
productrice de pollen appartient k la famille des Cruciferae ou k la famille des Solanaceae. 

37. Molecule d'ADN recombinant suivant I'une queiconque des revendications precedentes, dans laquelle la plante 
20 productrice de pollen appartient au genre Brassica. 

38. Molecule d'ADN recombinant suivant la revendication 37, dans laquelle la plante productrice de pollen appartient 
a I'espece Brassica napus. 

25 39. Cellule vegetale d'une espece vegetale productrice de pollen, le genome de ladite cellule comprenant une molecule 
d'ADN recombinant comprenant 

(a) une sequence d'ADN qui code pour une molecule cytotoxique ; et 

(b) un promoteur capable de reguler la transcription de ladite sequence d'ADN ; 

30 

de telle sorte que la production d'une plante k partir de ladite cellule vegetate donne une plante qui est douee 
de sterilite mdle, plante dans laquelle la production de grains de pollen fonctionnels est bloquee. 

40. Cellule vegetale suivant la revendication 39, dans laquelle le promoteur est celui d'un gene determinant pour la 
35 fomnation ou ta fonction du pollen. 

41. Cellule vegetale suivant la revendication 39, dans laquelle le promoteur est capable de limiter I'expression de 
ladite sequence d'ADN au tissu du pollen et/ou des microspores de ladite plante. 

40 42. Cellule vegetale suivant la revendication 39, dans laquelle le promoteur peut etre isole d'un ADN genomique qui 
s'hybride preferentiellement avec des sondes derivees d'ARNm de microspores, comparativement k des sondes 
derivees d'ARNm de feuilles, de racines, de semences ou de tiges. 
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43. Cellule vegetate suivant la revendication 39, dans laquelle le promoteur est un promoteur specif ique du pollen. 

44. Cellule vegetale suivant I'une queiconque des revendications 39 k 43. dans laquelle la molecule cytotoxique est 
la ricine ou la toxine diphterique. 

45. Cellule vegetale suivant I'une queiconque des revendications 39 k 44, dans laquelle la molecule d'ADN recombi- 
so nant comprend en outre une sequence de temninateur qui definit un signal de temninaison au cours de la trans- 
cription de ladite sequence d'ADN. 

46. Cellule vegetale d'une espece vegetale productrice de pollen, le genome de ladite cellule comprenant une molecule 
d'ADN recombinant comprenant : 
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(a) une sequence d'ADN dont le produit de transcription est un ARN anti-sens qui interfere avec i'expression 
dans une espece vegetate productrice de pollen d'un gene signifiant codant pour une molecule cytotoxique ; 

(b) un promoteur capable de provoquer la transcription de la sequence d'ADN approximativement au moment 
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de ta transcription dudit gdne signifiant ; et 

(c) une sequence de tenninateur qui definit un signal de terminaison au cours de la transcription de la sequence 
d'ADN. 

5 47. Cellule vegetale d'une espece veg^tale productrice de pollen, le genonne de ladite cellule connprenant une molecule 
d'ADN recombinant comprenant : 

(a) une sequence d'ADN, dont le produit de transcription est un ARN anti-sens qui interfere avec I'expression 
d'un gene signifiant dans I'espece veg6tale productrice de pollen ; et 
10 (b) un promoteur capable de reguler la transcription de ladite sequence d'ADN, 

de telle sorte que la production d'une plante h partir de ladite cellule vdg^tate donne une plante qui, en raison 
de ladite transformation 

15 (j) est dou6e de st^rillt^ mdle, plante dans laquelle la production de grains de pollen fonctionnels est bioquee, 

ou 

(il) peut §tre rendue dou6e de st6rilit6 mdle sous Taction d'un agent chimique ou d'un stress physiologique de 
telle sorte que la production de grains de pollen fonctionnels par ladite plante soit bloqu6e. 

20 48. Cellule v6g6tale suivant la revendication 45 ou la revendication 47, dans laquelle ta sequence d'ADN est Ii6e k 
un g^ne qui conf^re k la plante une resistance & un agent chimique ou ^ un stress physiologique. 

49. Cellule v6g6tale suivant la revendication 48, dans laquelle le promoteur est celui d'un gene ddtenminant pour la 
fonmatlon ou ta fonction du pollen. 

25 

50. Cellule v6g6tale suivant la revendication 47, dans laquelle le promoteur est capable de Hmiter I'expression de la 
sequence d'ADN au tissu du pollen et/ou des microspores. 

51 . Cellule v6g6tale suivant la revendication 47 ou la revendication 49, dans laquelle le promoteur peut etre isole d'un 
30 ADN genomique qui s'hybride preferentiellement avec des sondes derivees d'ARNm de microspores, comparati- 

vement k des sondes d6riv6es d'ARNm des feullles, des racines, des semences ou des tiges. 

52. Cellule vegetale suivant la revendication 47, dans laquelle le promoteur est un promoteur specifique du pollen. 

35 53. Cellule vegetale suivant I'une quelconque des revendications 50 a 52, dans laquelle le promoteur provoque la 
production de TARN anti-sens k des teneurs qui sont approximativement identiques ou sup6rieures k la teneur k 
laquelle TARN cod§ par le g^ne signifiant est produit. 

54. Cellule v6g^tale suivant I'une quelconque des revendications 50 k 53, dans laquelle le g^ne signifiant est dSter- 
40 minant pour la fonction ou le d6veloppement cellutaire dans la plante. 

55. Cellule v6g6tale suivant la revendication 54, dans laquelle le g^ne signifiant code pour Tactine, la tubuline ou 
I'ubiquitine. 

45 56. Cellule v^g^tale suivant ta revendication 47, dans laquelle le g^ne signifiant est d6tennriinant pour la fomnation ou 
la fonction du pollen. 

57. Cellule vegetale suivant la revendication 56, dans laquelle le promoteur est identique au promoteur du g&ne si- 
gnifiant. 

50 

58. Cellule vdgetale suivant la revendication 56 ou la revendication 57. dans laquelle le g6ne signifiant est exprim6 
excluslvement dans le tissu des microspores. 

59. Cellule vegetale suivant i'une quelconque des revendications 56 k 58, dans laquelle le g^ne signifiant est exprim6 
55 specifiquement dans les microspores en ddveloppement. 

60. Cellule vegetale suivant la revendication 59, dans laquelle le gene signifiant est exprime dans les microspores 
uninucl6es pr6coces k tardives. 
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61. Cellule v6g6tale sulvant Tune quelconque des revendications 56 d 60, dans laquelle te g^ne signifiant peut Stre 
Isole d'un ADN genomique qui s'hybride pr6ferentiellement avec des sondes derivdes d'ARNm de microspores, 
comparativement k des sondes ddrivees d'ARNm des feuilles, des racines, des semences ou des tiges. 

5 62. Cellule v6g6tale suivant Tune quelconque des revendications 56 ^ 61 , dans laquelle ie promoteur est le promoteur 
35S du CaMV. 

63. Cellule v6g6tate suivant I'une quelconque des revendications 56 ^ 61 , dans laquelle le promoteur est un promoteur 
inductible. 

10 

64. Cellule v6g6tale suivant Tune quelconque des revendications 56 ^ 61 . dans laquelle le promoteur est celui d'un 
gbne d^tenmlnant pour la formation ou la fonction du pollen. 

65. Cellule vegetale suivant I'une quelconque des revendications 56 ^ 61 , dans laquelle le promoteur est capable de 
15 iimiter I'expression de la sequence d'ADN au tissu du pollen et/ou des microspores. 

66. Cellule v6g^tale suivant Tune quelconque des revendications 56 d 61 , dans laquelle le promoteur peut §tre isol6 
d'un ADN genomique qui s'hybride pr^f^rentlellement avec des sondes d6riv6es d'ARNm de microspores, com- 
parativement & des sondes d6rlv6es d'ARNm des feuilles, des racines, des semences ou des tiges. 

20 

67. Cellule vdgdtale suivant I'une quelconque des revendications 56 d 61 . dans laquelle le promoteur est un promoteur 
sp6cifique du pollen. 

68. Cellule vegetale suivant I'une quelconque des revendications 49 a 53, dans laquelle le g6ne signifiant confdre k 
25 la plante une resistance ^ un agent chimlque ou k un autre stress physlologique. 

69. Cellule v6g6tale suivant la revendication 68, dans laquelle I'agent chimique ou le stress physlologique est un 
herbicide, un antibiotique, un organisme pathogene ou un medicament toxique. 

30 70. Cellule vegetale suivant la revendication 68 ou la revendication 69, comprenant en outre le gene signifiant. 

71. Cellule v6g§tale suivant I'une quelconque des revendications 68 k 70, dans laquelle le gfene signifiant confdre h 
la plante une resistance k Tantlbiotique hygromycine. 

35 72. Cellule vegetale suivant i'une quelconque des revendications 47 a 71 , dans laquelle la molecule d'ADN recombi- 
nant comprend en outre une sequence de temninateur qui d^finit un signal de tenninaison au cours de la trans- 
cription de ladite sequence d'ADN. 

73. Cellule v6g6tale suivant I'une quelconque des revendications 49 & 72, dans laquelle le promoteur est un promoteur 
^0 qui agit dans ladite cellule vegetale en provoquant la transcription de ladite sequence d'ADN en un ARN approxi- 

matlvement au moment de la transcription du g^ne signifiant. 

74. Cellule vegetale suivant I'une quelconque des revendications 39 k 73, dans laquelle la plante productrlce de pollen 
appartient k la famllle des Cruciferae ou k la famllle des Sotanaceae. 

45 

75. Cellule v6gdtale suivant I'une quelconque des revendications 39 k 74, dans laquelle la plante productrice de pollen 
appartient au genre Brassica. 

76. Cellule vegetale suivant la revendication 75, dans laquelle la plante productrice de pollen appartient k Tesp^ce 

50 Brassica napus. 

77. Plante appartenant k une espece productrice de pollen, les cellules de ladite plante etant des cellules suivant i'une 
quelconque des revendications 39 k 76. 

55 78. Proc^de pour la production d'une plante dou^e de st^rilite mdle appartenant a une esp6ce vegetale productrice 
de pollen ou d'une plante de ladite espfece, plante qui porte une caracteristique de st6rilite male, comprenant la 
regeneration d'une plante k partir d'une cellule vegetale suivant I'une quelconque des revendications 39 ^ 45 ou 
47 it 76. 
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79. Proc6d6 pour la production d'une plante de rdtablissement de fertility mdle d'une esp6ce v6g6tale productrice de 
pollen, comprenant la rSg^n^ratlon d'une plante k partir d'une cellule v6g6tale sulvant la revendicatlon 46. 

80. Proc6d6 pour la production de semences hybrides, comprenant : 

(1) la r6g6n6ration d'une plante k partir d'une cellule veg6tale suivant la revendicatlon 39. et 

(2) la realisation d'un croisement hybride entre la plante ainsi produite et la plante dont les cellules sont des 
cellules suivant la revendication 46. 

81. Proced6 pour la production de semences hybrides, comprenant : 

(1) la regeneration d'une plante k partir d'une cellule vegetate suivant la revendication 47, et 

(2) la realisation d'un croisement hybride par pollinisation d'une plante ainsi produite avec le pollen produit 
par une lign^e mkre mdle convenable. 

82. Plante suivant la revendication 77, autre qu'une "variety de plante" suivant la definition de I'article 53(t)EPC. 
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Figure I 




b: Restriction mop of clone LtQ 




I 1 
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FIGURE 2a: Nucleotide sequence of clone L4 

10 2D X ^ 50 60 70 80 

^TICATITIOCITDUmAAI^^ 
(-1200)- AAGTAAAAfliUUCTamiX^^ 

90 100 110 120 130 l«) 150 160 

170 180 190 200 210 220 230 240 

EcoRI 

250 260 270 290 290^ 300 310 320 

GIT/fflTIAITCriTITIXTr^^ 

330 3m 350 360 370 380 390 400 
TIGEAGICDUUIIMOK^^ 

410 A2D 430 W 450 460 470 480 

r' Start of Transcription 

530 540 550 560 

Ddel 

570 580 590 1 600 610 ^ 630 (M 

Exohl Introni 

650 ^ 10 680 690 700 710 720 

Hincll 

730 740 I 730 760 770 780 790 800 

griGAcrrraAAAimuio^^ 

810 820 830 840 850 860 870 880 

CACfliTmAGimsAAAajcr^ 

890 900 910 920 930 940 930 960 

(ariosMxnximAAiri^^ 

970 980 990 1000 1010 1020 1030 lOW 
1050 1 060 10?0 1090 1090 UOO 1110 1120 
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FIGURE 2a: Nucleotide sequence of clone L4 



UX 11^ 115 0 1160 1170 1180 1190 130O 

TiTiT/axinAjflTiun:^^ 

1210 1^ 1233 1260 1250 1260 127D 1280 

1290 1300 1310 1323 1330 1 300 13 SD 1360 
TXIIAAA/lLDaXiTlQTllU'JV^^ 

Exon2 




1450 1460 1470 1480 1490 150 0 15 1 0 1520 



1530 15401550 1560 1570 1580 1590 1600 

1610 1620 1630 1^ ^1650 1660 167D 16B0 

laO 1700 1710 1720 1730 1740 1750 1760 

1770 1780 1790 ' 1800 1810 1820 1830 1840 

18S0 18G0 1S7D 1883 1890 1900 1910 1923 
TAJlUlWlAEAAArm^^ 

1930 19&0 1950 1960 1970 1980 1990 2000 
GlAOGTIIGnCrnCUAAaOTICE^^ 

2010 2023 ocm 2040 xiffl 2060 2070 2QB0 

Exon3 

2090 2100 2110 2120 2130 2140 ^ 2160 
CIOCA/flGICIgECTQyCi n^^^ 

2170 2183 2190 2200 2210 2220 2230 2240 
TOJICXIQCAillAlLlGIC^ 



lntron2 
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FIGURE 2a: Nucleotide sequence of clone L4 

2250 2260 2270 2 2S0 2290 2300 2310 2320 

2330 . 2340 2350 2360 2370 2380 2390 2«X> 

2410 2420 i3430 2440 24S0 2460 2470 2480 
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FIGURE 2b: Nucleotide sequence of clone LI 9 

10 3D 3p 10 50 eo ^ 80 

90 100 no 12D 130 140 130 160 

170 180 190 2CD 210 220 23 0 260 

250 260 27D 280 290 300 310 320 

330 3«) 3S0 360 370 380 390 400 

410 42) 430 440 450 460 47D /;80 

iWO SOO 510 5Z) so 540 530 560 

570 580 590 e(X) 610 630 630 640 

630 660 670 680 690 700 710 720 

730 740 730 760 770 780 790 800 

810 820 830 840 850 8 60 flTO fflO 

890 900 910 92) 930 940 930 960 

970 980 990 1000 1010 1020 1000 10 ^ 

IDfiO 1060 1070 1080 1090 1100 1110 1120 
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FIGURE 2b: Nucleotide sequence of clone L19 



1130 1140 USD 1160 1170 1180 1190 1200 

/orriAcriaxrn^^ 

1210 122D 1230 12/C 1250 1260 1270 1280 

1290 1300 1310 13 20 133 3 1 3i0 1350 1360 

TOuiftGrnaQMMn^ 

1370 1380 1390 1^ 1410 1420 1430 1440 

1450 1460 1470 1480 1 490 1500 1510 152D 

1530 15 40 1550 1560 1570 1580 1590 1600 

1610 1620 1630 1640 1650 1660 1 670 1680 

1690 170O 1710 1720 1730 1740 1730 1780 

1770 1780 1790 180 0 I BIO 1820 18 30 1840 

Hind 111 

18S0 1860 1870 1880 1890 1 1910 1920 

/oiGnui»GiGiai^^^ 

1990 1940 1950 1960 1970 1980 1990 20OO 

2010 2QQ0 2 030 2M0 2QSD 2060 2070 2D8Q 

TTiiMnmiiA/Qmim^^ 

2090 2100 2110 2120 21 30 2140 2150 2160 

c M;iuauiTiinuim fysnM 

2170 2180 2190 22D0 2210 2220 2230 2240 

OGOCmiCAilCDyaCDU^ - Hindlll 

Ginz;iAAGr!cm»rrrD^^ (bp 3200) 
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Figurt 3 
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Figure 4 ^ 
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